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FORAMINIFERAL DATA FROM THE 

BALCOM CANYON SECTION, VENTURA BASIN, CALIFORNIA

Kristin McDougall, U.S. Geological Survey, Menlo Park, California; and 

Martin B. Lagoe, University of Texas at Austin, Austin, Texas

ABSTRACT

The distribution of the common benthic foraminiferal assemblages from the Balcom 

Canyon Section, Ventura Basin, California, is documented. These assemblages range in 

age from late Pliocene through Pleistocene. Benthic foraminifers characteristic of the 

Venturian, Wheelerian, and Hallian Stages are recognized. Planktic foraminifers indicative 

of coiling intervals CD12 through CD9/10 are present. These foraminiferal faunas indicate 

deposition shoaled from lower bathyal-abyssal depths to outer neritic depths during this 

period.

INTRODUCTION

The rich benthic foraminiferal assemblages contained in the thick Pliocene and 

Pleistocene marine strata (> 5,000 m) of the Ventura Basin are being examined as part of 

the Southern California Areal Mapping Project. The Balcom Canyon Section is the first 

section to be examined in detail. This section is south of the Oak Ridge Fault in the 

central part of the Ventura Basin (fig. 1). The Monterey (Modelo Formation of some 

authors), Pico (including the Santa Barbara Formation of some authors), San Pedro and 

Saugus Formations exposed in this section range in age from the late Miocene to 

Pleistocene. The Pico Formation rests unconformably on the Monterey Formation and is
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overlain by the San Pedro Formation (Ingle, 1978, 1980) (figs. 2 and 3). A detailed suite 

of samples was collected from the Pico Formation (fig. 4). All 172 samples were 

examined for foraminifers. Benthic foraminifers were picked and identified from all 

samples. Planktic foraminifers were picked and identified from 96 samples; 12 samples 

were barren and the remaining samples were not examined. The foraminiferal content of 

these samples is compiled here for reference and is discussed in other papers (Lagoe, 1987; 

McDougall, 1991). Tephrochronology of this section has been previously discussed by 

Sarna-Wojcicki and others (1984, 1987) and is summarized in figure 5.

The Balcom Canyon Section, which is well exposed along Balcom Canyon Road, 

southeast of Santa Paula, was collected in 1984 and 1986 by Andrei Sarna-Wojcicki, 

Kristin McDougall and assistants. Sample positions were surveyed along Balcom Canyon 

Road by Andrei Sarna-Wojcicki (fig. 4). Stratigraphic allocation of these samples is given 

in Appendix 1.

Foraminiferal samples were processed using both solvent (kerosene) and 

Quarternary-O and washed through a 230-mesh screen (63 microns). Splits containing 

approximately three hundred benthic foraminifers were picked from the residues and 

identified by Kristin McDougall (see Appendix 2 - Taxonomic notes and Appendix 3). 

Benthic foraminifers identified by Natland (1952) have been compared with the Balcom 

Canyon assemblages (see Appendix 2 and 4). Approximately 300 planktic foraminiferal 

specimens, abundance permitting, were picked and identified by M.B. Lagoe (see Appendix 

2 and 5). Residues and benthic foraminiferal slides are on file with the Branch of 

Paleontology and Stratigraphy, U.S. Geological Survey, Menlo Park, California. Planktic
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SAN PEDRO FORMATION
Pebbly sand and conglomerate 
with common mollusks

PICO FORMATION
Laminated to finely bedded 
clayey silt, silty clay, 
tuffaceous silt, and fine-to- 
coarse biotitic sand. Sands 
commonly pebbly. Foraminifera 
common and locally abundant.

BAILEY ASH
Dated as 1 .2 ± 0.2 m.y. (Izett and 
others, 1974; Boellstorff and 
Steineck, 1975; Sama-Wojcicki 
and others, 1984, 1987)

HUCKLEBERRY RIDGE ASH
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(Sarna-Wojcicki and Pringle, 1992)
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Laminated light brown 
diatomaceous shale.

Figure 2. Generalized stratigraphic column for the Balcom Canyon Section, 
modified from Yeats (1967) and Ingle (1978,1980).
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Figure 4. Location of samples along 
Balcom Canyon road.



foraminiferal slides are on file with the Department of Geological Sciences, University of 

Texas at Austin, Austin, Texas.

BIOSTRATIGRAPHY 

Benthic foraminifers

The Venturian, Wheelerian, and Hallian benthic foraminiferal stages were defined by 

Natland (1952, 1957). The stages are recognized by the presence-absence of key benthic 

foraminiferal species as well as their relative abundance (fig. 5). These provincial stages 

reflect local environmental conditions such as basin filling and decreasing water depths 

rather than time. The apparent extinctions result from exclusion by environmental 

conditions as previously noted (Natland, 1952, 1957; Bandy, 1953; Bandy and Wilcoxon, 

1970; Ingle, 1967, 1980). The use of other microfossil groups (Ingle, 1967, 1980; Lagoe, 

1987; Lagoe and Thompson, 1988; Blake, 1991) as well as fission track ages (Boellstorff 

and Steineck, 1975), radiometric dates, magnetostratigraphy (Blackie and Yeats, 1977) and 

tephrochronology (Sarna-Wojcicki and others, 1984) has allowed calibration of the benthic 

foraminiferal stages. Currently the Repettian is early to late Pliocene in age (+ 4.8 to 2.5 

Ma); the Venturian is late Pliocene (+2.5 to 1.9 Ma); the Wheelerian is latest Pliocene to 

early Pleistocene (approximately 1.9 to 0.8 Ma) and the Hallian is late Pleistocene (< 0.8 

Ma) (Blake, 1991) (fig. 6).

Benthic foraminiferal assemblages characteristic of the Pliocene though Pleistocene 

Venturian, Wheelerian, and Hallian Stages were recognized in the Balcom Canyon Section 

(fig. 7). Although benthic forarninifers are generally common in the Balcom Canyon 

Section, they were not found in samples from the part of the section assigned to the 

Pliocene Repettian Stage by Ingle (1978, 1980). Assemblages assigned to the Venturian
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contain common to abundant Uvigerina peregrina, and a few Epistominella pacifica and 

Bolivina interjuncta. The Venturian-Wheelerian boundary is placed at the point where 

Bolivina interjuncta becomes abundant. The oldest abundant occurrence of B. interjuncta 

(33% of the benthic foraminiferal fauna) is in sample 86KM-67 (6 meters below the 

Huckleberry Ridge Ash). Bolivina interjuncta is, however, absent from sample 86KM-90 

(3 m below the Huckleberrry Ash) and fluctuates greatly in abundance in the interval 

above the ash. Bolivina interjuncta does not become a consistently abundant component of 

the fauna until sample 86KM-53 (approximately 400 m above the Huckleberry Ridge Ash). 

The Wheelerian-Hallian boundary is placed between the last abundant occurrences of 

Uvigerina peregrina, Epistominella pacifica, Bolivina interjuncta and Bolivina spissa, and 

the first abundant occurrences of Cassidulina tortuosa and Uvigerina juncea. The boundary 

falls in a 2 meter interval between sample 84-KM-40 and 84-KM-41. The youngest 

assemblage in the section (84-KM-75) may represent the upper Hallian Stage as Buliminella 

elegantissima appears and the abundance of Cassidulina tortuosa and Uvigerina juncea 

decline.

Planktic foraminifers

Lagoe and Thompson (1988) summarized previous work on using coiling shifts in 

Neogloboquadrina pachydenna to correlate Pliocene and Pleistocene sections in California 

and compiled a biostratigraphic framework using these shifts and origination/extinction 

datums of temperate planktic foraminifers (fig. 8). The coiling curve for Neogloboquadrina 

pachyderma in the Balcom Canyon Section is summarized in figure 9. Biostratigraphic 

interpretations are made by reference to the framework of Lagoe and Thompson (1988) and 

to previously studied sections in the Ventura Basin (Wheeler Canyon and Santa Paula

11
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informally name coiling intervals are shown on the right (CD = 
coiling dominance) (Lagoe and Thompson, 1988).
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Creek). Interpretation is hindered in some places due to incomplete sampling, a function 

of discontinuous outcrop, particularly in the lower part of the Pico Formation.

The best constrained biostratigraphic horizon in the Balcom Canyon Section is the 

shift between coiling intervals CD9/10 and CD 11 of Lagoe and Thompson (1988). This 

occurs just above sample 86KM-32, about 100 m below the Bailey Ash. Lagoe and 

Thompson assigned an age of 1.3 Ma to this shift, on the basis of paleomagnetic 

stratigraphy. The position of this horizon is consistent with the radiometric age of the 

Bailey Ash (1.2 + 0.2 Ma). The next oldest coiling shift, between CD 11 and CD 12 occurs 

between samples 86KM-66 and 86KM-67. Unfortunately, a sample gap of approximately 

200 m separates these samples. The CD 1 I/CD 12 shift is assigned an age of 1.8 Ma by 

Lagoe and Thompson (1988). Even though this horizon cannot be located precisely in the 

section because of the sample gap, it must occur above the Huckleberry Ridge Ash (2.01 

Ma). The few samples in the lower part of the section exhibit widely varying coiling 

directions (fig. 9). This suggests that this part of the section falls in the CD 12 to CD 14 

interval, which contains highly variable coiling directions at Wheeler Canyon (Lagoe and 

Thompson, 1988). The CD14/CD15 shift has not been reached in the oldest sample 

examined, 86KM-76, approximately 100 m above the base of the Pico Formation. This 

suggests that this sample is less than 2.5 Ma, in agreement with dating of the basal Pico 

Formation by diatoms (Denticulopsis seminae v. fossilis Zone, ca. 1.7-2.4 Ma; Barren, 

1992).

Two right coiling peaks in the upper part of the section (fig. 9) were also 

recognized at Wheeler Canyon by Lagoe and Thompson (1988) though not given any 

specific notation. They are labelled Event A and Event B on Figure 9. Using sediment 

accumulation rates from lower in the section these could be assigned ages of about 1.1 Ma 

for Event A and 0.9 Ma for Event B. These ages are compatible with the radiometric ages
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of the Bailey Ash below (1.2 Ma) and the projected position of the Bishop Ash (0.7 Ma) 

above, but should be considered preliminary because of the problem of using sediment 

accumulation rate extrapolations in turbiditic sediments.

The major extinction datum (LAD) observed in the Balcom Canyon Section is that 

associated with Neogloboquadrina asanoi (fig. 9). It is located possibly as high as sample 

86KM-60, but these rare values may be due to reworking. It is definitely higher than 

sample 86KM-71, where it is common. The LAD probably occurs in the sample gap 

between 86KM-66 and 86KM-67. This datum has been assigned an age of 1.85 Ma by 

Lagoe and Thompson (1988).

Summary

Biostratigraphic interpretations from the planktic foraminiferal faunas (fig. 9) provide 

important age constraints on the section which are in general agreement with radiometric 

ages derived from key ash horizons. The biostratigraphic interpretations of the planktic 

forarninifers also provide age constraints which are in general agreement with the suggested 

ages of the benthic foraminiferal stages. In the Balcom Canyon Section, the Venturian- 

Wheelerian boundary is placed over a hundred meters below the GDI I/CD 12 boundary 

(1.82 Ma), just below the Huckleberry Ash (2.06 Ma) and above the highest common 

occurrence of Neogloboquadrina asanoi (>1.85 Ma, sample 86KM-69); thus the suggested 

age of 1.9 Ma for this boundary (Blake, 1991) is compatible with the planktic foraminiferal 

data and close to the age of the ash. The Wheelerian-Hallian boundary falls below 

planktic coiling peak B (approximately 0.9 Ma), above coiling peak A (1.1 Ma), and above 

the Bailey Ash (1.2 Ma). The suggested 0.8 Ma age of the Wheelerian-Hallian boundary 

(Blake, 1991) is slightly younger than the age suggested by the planktic coiling peaks.
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The age of the peaks is, however, only approximate as the ages are based on sedimentation 

accumulation rates in a turbidite sequence.

PALEOECOLOGY

Paleoenvironmental analysis of the Balcom Canyon benthic foraminiferal 

assemblages indicates that the Pico Formation was initially deposited at bathyal depths and 

shallowed rapidly upsection (fig, 10). Species with upper depth limits in the upper middle 

bathyal biofacies (500-1500 m) are common throughout the lower Pico Formation but 

decline in abundance after 1.2 Ma (Bailey ash). Species with upper depth limits in the 

upper bathyal biofacies (150-500 m) are abundant in the upper and middle Pico Formation. 

Species diagnostic of the shallow oxygen minimum zone rapidly decline in the upper Pico 

Formation coincident with the rapid increase in inner and outer neritic species. Despite the 

increase in shelf species deposition continues to occur at bathyal depths (150-1500 m).

The use of upper depth limits in silled basins of the California borderland is not 

always an effective ecologic tool as the distribution of the benthic foraminiferal species is 

related to the water mass which is controlled by the sill depth. Douglas and Heitman 

(1979) identified a number of benthic foraminiferal assemblages associated with basin 

environments within the California borderland (Table 1). Species characteristic of the outer 

shelf, upper slope and lower slope recurrent species assemblages occur in the Balcom 

Canyon Section (fig. 11). Lower slope species dominate most of the section but decline 

rapidly in abundance in the upper Pico Formation where upper slope assemblages increase 

in abundance. Outer shelf assemblages dominate the uppermost Pico Formation and San 

Pedro formations. These dominance patterns indicate decreasing water depths as well as 

the presence of shallower water masses. The change from the East Pacific Intermediate
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Table 1 Recurrent species assemblages of Douglas and Heitman (1979).

RECURRENT SPECIES ASSEMBLAGES
Nearshore Basins Offshore Basins

OUTER SHELF ASSEMBLAGE 
'Nonionella Stella 
'Nonionella basispinata 
Bulimina denudata 
Quinqueloculina laevigata 
Buccella angulata

BANK ASSEMBLAGE 
'Cassidulina limbata 
"Cibicides fletcheri
*Globocassidulina subglobosa 
Pullenia Salisbury! 

'Trifarina angulata

UPPER SLOPE ASSEMBLAGE 
"Bolivina pacifica 
Cassidulina depressa 
'Globobulimina pacifica
*Suggrundia eckisi
*Uvigerina juncea
*Uvigerina excellens

LOWER SLOPE ASSEMBLAGE 
'Bolivina argentea 
'Bolivina interjuncta
*Bolivina spissa 
Bolivinita minuta 
Cassidulina delicata
*Epistominella smithi
*Loxostomum pseudobeyrichi
*Uvigerina peregrina 
Valvulineria araucana

BASIN FLOOR
Fursenkonia bramletti 
Fursenkonia comuta 
Globobulimina affinis

BANK ASSEMBLAGE 
Astrononion stellatum 
'Cassidulina limbata 
Cassidulina tortuosa 
'Cassidulina depressa
*Cibicides fletcheri
*Globocassidulina subglobosa 
Hanzawaia nitidula 

'Rosalina columbiensis 
Trifarina angulosa

LOWER SLOPE ASSEMBLAGE 
Bolivina argentea 
'Bolivina spissa 
Bolivinita minuta 
Cassidulina delicata 
"Epistominetla smithi 
Globulimina spinifera 
Gyroidina io 
Hoeglundina elegans 
Uvigerina peregrina 
Valvulineria araucana

BASIN FLOOR
Fursenkonia bramletti 
Fursenkonia comuta

i

Loxostomum pseudobeyrichi'

* species which numerically dominate
1 more common in nearhore basins
2 becomes Basin Floor species in outer basin
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water mass to transitional and surface water masses relates to the decreasing sill depth. 

Bank assemblages present in the Balcom Canyon Section may be transported from the 

South Mountain Seaknoll (see Yeats, 1965). The increase in Bank assemblages in the 

upper Pico Formation probably indicates increased erosion of the seaknoll.

The generally low diversity planktic foraminiferal faunas, dominated by Globigerina 

bulloides, Globigerina quinqueloba, and Neogloboquadrina pachyderma would indicate 

subarctic to cool temperate paleoenvironments for the Balcom Canyon Section. Indications 

of tropical to subtropical environments (e.g. keeled globorotalids, Globigerinoides spp.) are 

absent or very rare in the samples studied. Paleotemperatures of surface waters can be 

interpreted from the coiling ratios of Neogloboquadrina pachyderma. Ingle (1973, 1977a, 

1977b) has related coiling shifts in N. pachyderma to northward and southward migration 

of subarctic and temperate waters associated with the Alaska Gyre and California Current. 

Entirely left coiling populations of N. pachyderma are interpreted as representing surface 

water temperatures below 10° C, while entirely right coiling N. pachyderma are interpreted 

as representing surface water temperatures of 15 to 20-25° C. Thompson and Shackleton 

(1980) and Thompson (1981), in studies of the distribution of left and right coiling N. 

pachyderma in the modem northwestern Pacific Ocean, corroborate the interpretations of 

Ingle (1973, 1977a, 1977b). These studies in the Northwest Pacific show that coiling 

variations in N. pachyderma can be related to the position of the polar front. North of the 

polar front, left coiling N. pachyderma dominates with seasonal ranges in surface water 

temperatures from 3-12° C. South of the polar front, right coiling N. pachyderma 

dominates with seasonal ranges in surface water temperatures of 16-26° C.

Using the above as a framework, intervals within Balcom Canyon Section with 

consistent N. pachyderma coiling directions can be interpreted in terms of surface water 

temperatures. For example, the interval just above and below the Bailey Ash, samples 84-
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KM-20 to 84-KM-l and 86KM-1 to 86KM-27 (830 to 930 rn above the base of the Pico 

Formation), contains 95-100% of the left coiling N. pachyderma. At that time, ca. 1.2 to 

1.3 Ma, surface waters above the central Ventura Basin were cold (<10° C). Just below 

this interval is a section containing dominately right coiling N. pachyderma, samples 

86KM-32 to 86KM-66 (approximately 500 to 810 m above the base of the Pico 

Formation). Surface waters at this time (ca. 1.3 to 1.8 Ma) were cool (>15° C). Parts of 

the section containing abruptly fluctuating coiling ratios in the uppermost part of the 

section (ca. 980 to 1150 m above the base of the Pico Formation) are more difficult to 

interpret in terms of surface water temperatures. These temperatures may indeed have been 

rapidly fluctuating in time due to instability in the location of major water mass boundaries 

or possibly due to variation in the intensity of local upwelling systems, periodically 

bringing colder waters to the surface. Alternatively, these intervals of abruptly varying 

coiling ratios may also reflect periods of reworking, which could introduce specimens with 

differing coiling ratios from the prevailing environment. Support for the latter 

interpretation comes from the benthic foraminiferal fauna which indicates an increase in 

transported bank assemblages in the upper Pico Formation and suggests erosion of the 

South Mountain Seaknoll. Further work is obviously needed to explain these intervals 

characterized by abruptly varying coiling ratios.
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Appendix 1 - Stratigraphic allocation of samples in the Balcom Canyon Section, Ventura 
Basin, California

Sample Meters above 
number base of formation

84-KM-34 996.8
84-KM-33 994.5
84-KM-32 992.4
84-KM-31 990.0
84-KM-30 987.5
84-KM-29 985.2
84-KM-28 980.0
84-KM-27 977.7
84-KM-26 976.6
84-KM-25 972.3
84-KM-24 969.7
84-KM-23 968.1
84-KM-22 966.4
84-KM-21 964.8
84-KM-20 962.1
84-KM-19 959.9
84-KM-18 957.9
84-KM-17 955.7
84-KM-16 953.8
84-KM-15 951.8
84-KM-14 949.9
84-KM-13 947.9
84-KM-12 945.9
84-KM-ll 944.2
84-KM-10 942.2
84-KM-9 940.6
84-KM-8 938.6
84-KM-7 936.6
84-KM-6 934.6
84-KM-5 932.8
86KM-101 931.8
86KM-100 930.9
84-KM-4 930.8
86KM-99 930.0
84-KM-3 929.1
86KM-98 929.0
86KM-97 928.2
84-KM-2 927.2
86KM-96 927.0
86KM-95 926.0
84-KM-l 925.1 
BAILEY ASH 924.9

Sample
number

84-KM-75
84-KM-74
84-KM-73
84-KM-72
84-KM-71
84-KM-70
84-KM-69
84-KM-68
84-KM-67
84-KM-66
84-KM-65
84-KM-64
84-KM-63
84-KM-62
84-KM-61
84-KM-60
84-KM-59
84-KM-58
84-KM-57
84-KM-56
84-KM-55
84-KM-54
84-KM-53
84-KM-52
84-KM-51
84-KM-50
84-KM-49
84-KM-48
84-KM-47
84-KM-46
84-KM-45
84-KM-44
84-KM-43
84-KM-42
84-KM-41
84-KM-40
84-KM-39
84-KM-38
84-KM-37
84-KM-36
84-KM-35

Meters above
base of formation

1326.6
1312.2
1265.8
1251.7
1223.8
1181.6
1171.2
1151.1
1149.1
1 142.9
1139.5
1138.0
1135.2
1125.1
1109.5
1 107.0
1105.2
1103.2
1100.8
1099.1
1096.8
1094.8
1092.6
1090.8
1088.3
1085.5
1083.6
1047.4
1045.7
1043.3
1039.9
1037.6
1020.1
1017.8
1016.3
1014.1
1009.1
1006.4
1003.8
1001.8
999.2
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Sample 
number

86KM-106
84-KM-76
86KM-107
86KM-108
84-KM-77
86KM-109
86KM-1
84-KM-78
86KM-110
86KM-111
86KM-112
84-KM-79
86KM-2
84-KM-80
86KM-113
86KM-3
86KM-4
86KM-5
86KM-6
86KM-7
86KM-8
86KM-9
86KM-10
86KM-11
86KM-12
86KM-13
86KM-14
86KM-15
86KM-16
86KM-17
86KM-18
86KM-19
86KM-20
86KM-21
86KM-22
86KM-23
86KM-24
86KM-25
86KM-26
86KM-27
86KM-28
86KM-29
86KM-30
86KM-31

Meters above 
base of formation

924.9
924.4
923.7
922.5
921.8
921.6
920.5
919.9
919.8
919.8
917.9
917.6
916.7
916.1
914.7
912.1
910.5
907.0
904.0
900.0
896.5
894.0
890.5
888.0
883.0
880.0
877.5
874.0
870.0
867.0
863.5
860.5
857.5
855.0
842.5
839.0
835.0
832.5
829.5
827.0
822.5
817.5
814.5
810.5

Sample Meters above
number base

86KM-32
86KM-33
86KM-34
86KM-35
86KM-36
86KM-37
86KM-38
86KM-39
86KM-40
86KM-41
86KM-42
86KM-43
86KM-44
86KM-45
86KM-46
86KM-47
86KM-48
86KM-49
86KM-50
86KM-51
86KM-52
86KM-53
86KM-54
86KM-55
86KM-56
86KM-57
86KM-58
86KM-59
86KM-60
86KM-61
86KM-62
86KM-63
86KM-64
86KM-65
86KM-66
HUCKLEBERRY
ASH
86KM-90
86KM-67
86KM-92
86KM-69
86KM-70
86KM-71
86KM-93

of formation

807.5
804.5
802.5
797.5
795.0
793.0
788.0
785.0
782.0
778.0
772.0
769.0
730.0
727.0
723.0
721.0
718.0
715.0
710.5
708.0
704.5
699.5
694.8
653.0
643.0
633.0
629.5
526.0
515.0
512.0
509.5
505.0
502.5
499.5
497.0

RIDGE
294.0
291.0
288.0
249.5
239.0
236.0
232.5
228.0
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Sample Meters above
number base of formation

86KM-72 226.5
ASH 197.0
86KM-73 184.0
86KM-74 179.6
86KM-76 100.5
ASH 15.0
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Appendix 2 - Taxonomic Notes

Planktic foraminifers
The taxonomy used in identifying the planktic foraminifers from the Balcom Canyon 

Section follows Lagoe and Thompson (1988), and Saito and others (1981). Listed below 
are the taxa recognized in this study with original generic designations. See Lagoe and 
Thompson (1988), Saito and others (1981), and Kennett and Srinivasan (1983) for 
illustrations and original citations for these species.

Globigerina bulloides d'Orbigny, 1826
Globigerina quinqueloba Natland, 1938
Globigerina umbilicata Orr and Zaitzeff, 1971
Globigerinita glutinata (Egger) = Globigerina glutinata Egger, 1893
Globigerinita uvula (Ehrenberg) = Pylodexia uvula Ehrenberg, 1861
Globigerinoides ruber (d'Orbigny) = Globigerina rubra d'Orbigny, 1839
Globorotalia scitula (Brady) = Pulvinulina scitula Brady, 1882
Neogloboquadrina asanoi (Maiya, Saito and Sata) = Globoquadrina asanoi Maiya, Saito

and Sata, 1976.
See Lagoe and Thompson (1988) for discussion of this species and its recognition
under other names in studies of California Plio-Pleistocene sections. 

Neogloboquadrina humerosa (Takayangi and Saito) = Globorotalia humerosa Takauanagi
and Saito, 1962.

Neogloboquadrina pachyderma (Ehrenberg) = Aristerospira pachyderma Ehrenberg, 1861. 
Orbulina universa d'Orbigny, 1839,

Benthic foraminifers
These notes represent an attempt to bring California benthic foraminiferal taxonomic 

nomenclature into conformity with nomenclature used worldwide. Taxonomic nomenclature 
used by Natland (1952) is updated (Appendix 4) and included in this section. 
Environmental data and known stratigraphic ranges are also summarized for various species.

Alveolophragmium scilulum (Brady)

Haplophragmoides scitulum (Brady) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,
Los Angeles, pi. 1, fig. 2a,b. 

Alveolophragmium scitulum (Brady) - - Haller, 1980, in The Miocene Stratigraphy of
California Revisited, AAPG, p. 228, pi. 1, fig. 7a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Ammodiscus sp. 
Ammodiscus sp. (minutum) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 1, fig. 3a,b. 
Ammodiscus! sp. - - Haller, 1980, in The Miocene Stratigraphy of California Revisited,

AAPG, p. 227.
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OCCURRENCE: Wheeler Canyon (Natiand, 1952)

Ammodiscus incertus (d'Orbigny) 
Operculina incerta d'Orbigny, 1839, Voyage dans 1'Amerique Meriodionale; Forarniniferes,

v. 5, pt. 5, p. 49, pi. 6, figs. 16-17. 
Ammodiscus pacificus Cushman and Valentine - - Natiand, 1952, unpub. Ph.D. Diss., Univ.

of Calif., Los Angeles, pi. 1, figs. 4a,b, 5. 
OCCURRENCE: Wheeler Canyon (Natiand, 1952)

Ammonia beccari (Linne)
Nautilus beccarii Linne, 1758, Systema Naturae, p. 710. 
Rotalia beccarii (Linne) - - Natiand, 1952, unpub. Ph. D., pi. 15, fig. 6, 7a,b,c.

Haller, 1980, p. 257, pi. 10, fig. 6a,b,c. 
OCCURRENCE: Wheeler Canyon (Natiand, 1952)

Astacolus sp.
COMMENTS: Specimens can be assigned to genus only. 
OCCURRENCE: Balcom Canyon

Astrononion spp.
COMMENTS: Specimens can be assigned to genus only. 
OCCURRENCE: Balcom Canyon

Astrononion stellatum Cushman and Edwards 
Astrononion stellatum Cushman and Edwards, 1937, Contr. Cushman Lab. Foram. Res., v.

13, p. 32, pi. 3, figs. 9-11. 
Nonion stelligerum - - Natiand, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles,

(checklist). 
ECOLOGY: Astrononion stellatum is a common species in the bank assemblage of the

offshore basins in the California basins (Douglas and Heitman, 1979). 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natiand, 1952)

Bathysiphon arenaria Cushman 
Bathysiphon arenaria Cushman, 1927, Bull., Scripps Inst. Ocean., Tech. Ser., v. 1, p. 129,

pi. 1, fig. 2. - - Natiand, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi.
1, fig. la,b.- - Haller, 1980, in The Miocene Stratigraphy of California Revisited,
AAPG, p. 227, pi. 1 fig. 2.

COMMENTS: Haller (1980) noted similarity to Bathysiphon eocenica. 
OCCURRENCE: Wheeler Canyon (Natiand, 1952)
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Bathysiphon spp. 
COMMENTS: These are probably worm tubes and are not included in the total

fbraminiferal counts. These specimens were picked only in the 1984 samples but
not in the 1986 samples. 

OCCURRENCE: Balcom Canyon (not on checklist)

Bolivina acuminata Natland 
Bolivina subadvena Cushman acuminata Natland, 1946, in Cushman and Gray, 1946,

Cushman Lab. Foram. Res., Spec. Pub., no. 19, p. 34, pi. 5, fig. 46. 
Bolivina panamensis - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles,

pi. 10, fig. 22a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Bolivina advena striatella Cushman 
Bolivina advena Cushman var striatella Cushman, 1925, Contr. Cushman Lab. Foram. Res.,

v. 1, p. 30, pi. 5, fig. 3 - - Natland, 1952, unpub. Ph.D., Diss., Univ. of Calif., Los
Angeles, pi. 11, fig. 5a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Bolivina argentea Cushman
Bolivina argentea Cushman, 1926, Contr. Cushman Lab. Foram. Res., v. 2, p. 42, pi. 6, 

fig. 5. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 9, 
figs. 10a,b, lla,b, 12, 13. - - Martin, 1952, Contr. Cushman Lab. Foram. Res., v. 3, 
p. 128, pi. 21, figs. 5a-b, 6a-b. - - Finger, 1990, Cushman Lab. Foram. Res., Spec. 
Pub. no. 28, p. 28-29, plate-figs. 1-10.

Brizalina argentea (Cushman) - - Matoba and Yamaguchi, 1982, Initial Reports Deep Sea 
Drilling Project, v. 64, p. 1036.

COMMENTS: Bolivina argentea of Douglas (1981) is probably synonomous with B. 
interjuncta of this study.

RANGE: Pliocene to Holocene (Culver and Buzas, 1986; Martin, 1952; Finger, 1990)
ECOLOGY: Bolivina argentea has an upper depth limit in the upper middle bathyal 

biofacies (Ingle, 1980) and in the California borderland the upper depth limit 
approximates the upper limit of 100% southern water (Douglas, 1981). This 
species is most abundant in low oxygen waters (< 1 ml/1) commonly found in the 
basins of the California borderland (Douglas, 1981; Blake, 1981). The upper depth 
limit of Bolivina argentea is 380 m in the continental borderland (Douglas, 1981).

Bolivina argentea is typical of the group I, lower slope assemblage in both 
the nearshore and offshore basins of the California continental borderland and is a 
dominant species in the nearshore basins (Douglas and Heitman, 1979). Along the 
eastern Pacific margin, Culver and Buzas (1986) report Bolivina argentea only south 
of Point Conception. This species, however, is common all along the California 
coast (Mullins and others, 1985; Quinterno and Gardner, 1987; McGann, 1990).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)
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Bolivina beyrichi Reuss 
Bolivina beyrichi Reuss, 1851, Deut. Geol. Gesel., Zeit., v. 3, p. 83, pi. 6, fig. 51. - -

Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 11, fig. 1, 2,
3a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Bolivina girardensis Rankin 
Bolivina girardensis Rankin in Cushman and Kleinpell, 1934, Contr. Cushman Lab. Foram.

Res., v. 10, p. 17, pi. 3, fig. 7. - - Finger, 1990, Cushman Lab. Foram. Res., Spec.
Pub., no. , p. 42-43, plate-figs. 1-9. 

RANGE: late Miocene, Mohnian to Pliocene (Finger, 1990) 
ECOLOGY: Bolivina girardensis has an upper depth limit in the upper middle bathyal

biofacies (Ingle, 1980). 
OCCURRENCE: Balcom Canyon

Bolivina humilis Cushman and McCuiloch 
Bolivina seminuda Cushman humilis Cushman and McCuiloch, 1942, Allan Hancock Pacific

Expeditions, v. 6, p. 211, pi. 26, figs. 1-6. 
Bolivina humilis Cushman and McCuiloch - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, pi. 10, fig. 17a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Bolivina interjuncta Cushman
Bolivina costata d'Orbigny interjuncta- Cushman, 1926, Contr., Cushman Lab. Foram. Res., 

v. 2, p. 41, pi. 6, fig. 3.
Bolivina interjuncta Cushman - - Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 90, pi. 

11, figs. 10-13. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, 
pi. 10, figs. 6a,b, 12. - - Haller, 1980, in The Miocene Stratigraphy of California 
Revisited, AAPG, p. 248, pi. 8, fig. 15a,b.

Bolivina costata d'Orbigny bicostata Cushman, 1926, Contr., Cushman Lab. Foram. Res., v. 
2, p. 42. - - Cushman, 1937, Cushman Lab. Foram. Res., Spec. Pub., no. 9, pi. 22, 
fig. 23.

COMMENTS: The difference between these two species is the presence or absence of 
anastomosing costae: B. bicostata has no anastomosing costae present whereas B. 
interjuncta has anastomosing costae present in the upper part of the test. A 
complete gradation from no anastomosing costate to anastomosing costate is 
observed on specimens present in the Balcom Canyon Section. Bolivina interjuncta 
is the senior synonym.

ECOLOGY: Although the upper depth limit of Bolivina interjuncta is on the shelf edge 
(Ingle and Keller, 1980), the upper bathyal biofacies given by Ingle (1980) is used 
in this paper. High abundances of Bolivina interjuncta have been noted in the 
upper bathyal oxygen minimum zone along the East Pacific Margin (Ingle and 
Keller, 1980).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)
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Bolivina marginata Cushman
Bolivina marginata Cushman, 1918, U.S. Geol. Survey, Bull., no. 676, p. 48, pi. 10, fig. 1. 
ECOLOGY: The upper depth limit of Bolivina marginata is in the upper bathyal

biofacies (Ingle, 1980). 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bolivina pisciformis Galloway and Morrey 
Bolivina pisciformis Galloway and Morrey, 1929, p. 36, pi. 5, fig. 10. - - Natland, 1952,

unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 10, fig. 19a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Bolivina pseudospissa Kleinpell 
Bolivina pseudospissa Kleinpell, 1938, Miocene Stratigraphy of California, AAPG, p. 279,

pi. 21, fig. 6. 
ECOLOGY: The upper depth limit of Bolivina pseudospissa is in the upper middle bathyal

biofacies (Ingle, 1980). 
OCCURRENCE: Balcom Canyon

Bolivina punctata d'Orbigny 
Bolivina punctata d'Orbigny, 1839, Voyage dans 1'Amerique Meriodionale; Foraminiferes,

v. 5, pt. 5, p. 63, pi. 8, figs. 10-12. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of
Calif., Los Angeles, pi. 11, fig. 4a,b. 

OCCURRENCE: Wheeler'Canyon (Natland, 1952)

Bolivina seminuda Cushman 
Bolivina seminuda Cushman, 1911, U.S. Nat. Hist. Mus. Bull., v. 74, p. 34, tf. 55. - -

Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 10, fig. 10a,b,
lla,b. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 129, pi. 12,
figs. 8a-b. 

ECOLOGY: The upper depth limit of Bolivina seminuda is on the shelf edge but the
most abundant occurrences of this species are in the shallow oxygen minimum zone
along the East Pacific Margin (Ingle and Keller, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bolivina semiperforata Martin
Bolivina semiperforata Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 129, pi. 

21, figs. 10a-b( lla-b. - - White, 1956, Jour. Paleo., v. 30, p. 252, pi. 29, fig. 1 la- 
fa.

OCCURRENCE: Balcom Canyon

Bolivina sinuata Galloway and Wissler
Bolivina sinuata Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 71. pi. 11, figs. 9a- 

b. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 10, figs. 
13a,b, 14. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 129, pi. 22,
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figs. la-b. - - White, 1956, Jour. Paleo., v. 30, p. 252, pi. 29, figs. 12a,b.- - Finger, 
1990, Cushman Lab. Foram. Res., Spec. Pub., no. 28, p. 50-51, plate-figs. 1-8.

RANGE: late Miocene, Mohnian to Holocene (Finger, 1990)
ECOLOGY: The upper depth limit of Bolivina sinuata is in the upper bathyal biofacies 

(Ingle, 1980).
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bolivina spissa Cushman
Bolivina subadvena Cushman spissa Cushman, 1926, Contr., Cushman Lab. Foram. Res., v. 

2, p. 45, pi. 6, fig. 8. - - Haller, 1980, in The Miocene Stratigraphy of California 
Revisited, AAPG, p. 249, pi. 8, figs. 9a,b; 10a,b. - - Bandy, 1953, Jour. Paleo., v. 
27, p. 176, pi. 24, fig. 5.

Bolivina spissa Cushman - - Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 72, pi. 11, 
figs. 14-16. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 
10, figs. 1, 2, 3, 4, 5. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 
130, pi. 22, figs. 2a-b, 3a-b.

ECOLOGY: Ingle and Keller (1980) give the upper depth limit of Bolivina spissa as in 
the upper bathyal biofacies where they find high abundances of this species 
associated with oxygen-rich, low salinity Antarctic Intermediate Water along the 
East Pacific Margin. High abundances of this species are also found in the low 
oxygen waters (> 0.5 to 1.7 ml/1) of the basins in the California borderland 
(Douglas, 1981; Blake, 1981).

Bolivina spissa is a dominant species in the lower slope assemblage of both 
the nearshore and offshore basins of the California continental borderland (Douglas 
and Heitman, 1979). Along the eastern Pacific margin, Bolivina spissa is most 
common south of Point Conception, although there are few occurrences just north of 
the Point (Culver and Buzas, 1986) and off northern California (Quinterno and 
Gardner, 1987; McGann, person, comm., 1993).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bolivina spp.
COMMENTS: These specimens are too pooly preserved to be identified to species. 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bolivina subadvena Cushman 
Bolivina subadvena Cushman, 1926, Contr., Cushman Lab. Foram. Res., v. 2, p. 44, pi. 6,

fig. 6. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 10,
figs. 7, 8a,b, 9a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Bolivina vaughani Cushman 
Bolivina vaughani Natland, 1938, Bull., Scripps Inst. Ocean., Tech. Ser., v. 4, p. 146, pi. 5,

fig. 11. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 10,
fig. 20a,b. 

ECOLOGY: The upper depth limit of Bolivina vaughani is in the less turbulent outer part
of the inner neritic biofacies; its upper depth limit is however, usually given as in
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the outer neritic biofacies where it tends to be most common, particularity in the 
wanner tropical surface waters (Ingle, 1980; Ingle and Keller, 1980). This species 
is particularity abundant in the well oxygenated waters (5-6 ml/1) of the shelf 
(Douglas, 1981; Blake, 1981).

Along the eastern Pacific margin, Bolivina vaughani is most common south 
of the Marin headlands (Culver and Buzas, 1986) and ranges from the Oregonian to 
Panamanian provinces of Buzas and Culver (1990). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bolivina woodringi Kleinpell 
Bolivina woodringi Kleinpell, 1938, Miocene Stratigraphy of California, AAPG, p. 285, pi.

21, figs. 4-5. - - Finger, 1990, Cushman Lab. Foram. Res., Spec., Pub., no. 28, p.
56-57, plate-figs. 1-10.

RANGE: Late Miocene to Pliocene, Mohnian to "Delmontian" (Finger, 1990) 
ECOLOGY: The upper depth limit of Bolivina woodringi is in the upper middle bathyal

biofacies (Ingle, 1980). 
OCCURRENCE: Balcom Canyon

Bolivinita minuta Natland 
Bolivina minuta Natland, 1938, Bull., Scripps Inst. Ocean., Tech. Ser., v. 4, p. 146, pi. 5,

fig. 10. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 10,
fig. 21a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Bolivinita quadrilatera (Schwager) 
Textilaria quadrilatera Schwager, 1866, Novara Exped., Geol. Theil, v. 2, p. 253, pi. 7, fig.

103. 
Bolivinita quadrilatera (Schwager) - - Haller, 1980, in The Miocene Stratigraphy of

California Revisited, AAPG, p. 244, pi. 6, fig. 14a,b. 
Bolivinita angelina Church - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 7, fig. 7a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Buccella frigida (Cushman)
Pulvinulina frigida Cushman, 1920, U.S. National Museum Bull., v. 104, p. 12. 
Eponides frigidus (Cushman) - - Bandy, 1953, Jour. Paleo., v. 27, p. 177, pi. 23, fig. 5. 
Eponides mansfieldi Cushman - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 14, fig. 5a,b,c. 
ECOLOGY:The upper depth limit of Buccella frigida is in the inner neritic biofacies

(Ingle, 1980). Buccella frigida ranges from the Aluetian to the California provinces
of Buzas and Culver (1990). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)
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Buccella parkerae Andersen 
Buccella parkerae Andersen, 1952, Wash. Acad. Sci. Jour., v. 42, p. 149, text-fig. 9 (p.

147). 
OCCURRENCE: Balcom Canyon

Buccella tenerrima Bandy
Rotalia tenerrima Bandy, 1950, Jour. Paleo., v. 24, p. 278, pi. 13, figs. 3. 
Buccella tenerrima (Bandy) - - Haller, 1980, in The Miocene Stratigraphy of California

Revisited, AAPG, p. 253, pi. 9, fig. 2a-c. 
Eponides cf. frigidus (Cushman) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 14, fig. 6a,b,c (called Eponides ornata on checklist). 
ECOLOGY: Buccella tenerrima is considered a cosmopolitan species by Culver and Buzas

(1986) and found in both the Oregonian and Panamaian provinces of Buzas and
Culver (1990). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bulimina denudata Cushman and Parker 
Bulimina pagoda Cushman var. denudata Cushman and Parker, 1938, Contr. Cushman Lab.

Foram. Res., v. 14, p. 57, pi. 10, figs. 1, 2. 
Bulimina denudata Cushman and Parker - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi.

24, fig. 11. - - Haller, 1980, in The Miocene Stratigraphy of California Revisited,
AAPG, p. 245. 

ECOLOGY: Bulimina denudata ranges from the Oregonian to Panamanian provinces of
Buzas and Culver (1990). It is found rarely off San Francisco where the cooler 

  California surface waters dominate and commonly (10-20% of the fauna) south of
Point Conception where warmer waters dominate (Ingle and Keller, 1980; Culver
and Buzas, 1986). The upper depth limit of Bulimina denudata is in the inner
neritic biofacies (Ingle and Keller, 1980).

Bulimina denudata is a dominant species in the outer shelf assemblages of
the nearshore basins in the California continental borderland (Douglas and Heitman,
1979). 

OCCURRENCE: Balcom Canyon

Bulimina inflata Sequenza 
Bulimina inflata Sequenza, 1862, Eco Peloritano, Giornale Sci., Lette. and Arti., ser. 2, v.

5, p. 109, pi. 1, fig. 10. 
Bulimina subcalva Cushman and Stewart - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, pi. 8, figs. 13a,b, 14a,b, 15, 16. 
Bulimina subacuminata Cushman and Stewart emended. - - Haller, 1980, in The Miocene

Stratigraphy of California Revisited, AAPG, p. 245, pi. 7, fig. 2a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Bulimina pagoda hebespinata Stewart and Stewart
Bulimina pagoda hebespinata Stewart and Stewart, 1930, Jour. Paleo., v. 4, p. 63, pi. 8, 

figs. 3a,b. - - White, 1956, Jour. Paleo., v. 30, pi. 253, pi. 30, figs. 6a,b.
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Bulimina pagoda includes Bulimina pagoda hebespinata Stewart and Stewart - - Natland, 
1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 8, fig. 12a,b.

ECOLOGY: The upper depth limit of Bulimina pagoda hebespinata is in the upper middle 
bathyal biofacies (Ingle, 1980).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bulimina pulchella d'Orbigny 
Bulimina pulchella d'Orbigny, 1839, Voyage dans 1'Amerique Meridionale; Foraminiferes,

v. 5, p. 50, pi. 1, figs. 6, 7. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,
Los Angeles, pi. 8, figs. 17a,b, 19a,b. 

OCCURRENCE: Wheeler Canyon (Natiand, 1952)

Bulimina rostrata Brady 
Bulimina rostrata Brady, 1884, Report on the Scientific Results of the Voyage of the

H.M.S. Challenger during the years 1873-1876, Zoology, v. 9, p. 408, pi. 51, figs.
14, 15. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 24, fig, 5. - - White, 1953,
Jour. Paleo., v. 30, pi. 253, pi. 30, fig. 7a,b. 

Bulimina fossa Cushman and Parker - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,
Los Angeles, pi. 8, fig. 5a,b. - - Haller, 1980, in The Miocene Stratigraphy of
California Revisited, AAPG, p. 244, pi. 7, figs. 3a,b. 

ECOLOGY: The upper depth limit of Bulimina rostrata is in the lower middle bathyal
biofacies (Ingle, 1980; Ingle and Keller, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bulimina subacuminata Cushman, Stewart, and Stewart
Bulimina subacuminata Cushman, Stewart, and Stewart, 1930, Trans., San Diego Society of 

Natural History, v. 6, p. 65, pi. 5, figs. 2, 3a-b. - - Natland, 1952, unpub. Ph.D. 
Diss., Univ. of Calif., Los Angeles, pi. 8, fig. 10a,b, lla,b; pi. 9, fig. 1. - - Martin, 
1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 132, pi. 22, figs. 12a-b. - - 
Bandy, 1953, Jour. Paleo., v. 27, p. 176. - - Haller, 1980, in The Miocene 
Stratigraphy of California Revisited, AAPG, p. 245, pi. 7, figs, la-b, 2a-b. - - 
Finger, 1990, Cushman Lab. Foram. Res., Spec. Pub., no. 28, p. 64-65, plate-figs. 1- 
7.

RANGE: Pliocene to Holocene (Martin, 1952); Miocene, Saucesian to Holocene (Finger, 
1990)

ECOLOGY: The upper depth limit of Bulimina subacuminata is in the upper middle 
bathyal biofacies (Ingle, 1980).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Bulimina spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon
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Buliminella basispinata Stewart and Stewart 
Buliminetta curta Cushman basispinata Stewart and Stewart, 1930, Jour. Paleo., v. 4, p. 63,

pi. 8, fig. 6. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 133, pi.
23, figs. 2a-b. 

OCCURRENCE: Balcom Canyon

Buliminella curta Cushman 
Buliminella curta Cushman, 1925, Contr. Cushman Lab. Foram. Res., v. 1, p. 33, pi. 5, fig.

13. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 8, fig.
5a,b, 6a,b- - White, 1953, pi. 254, pi. 30, fig. 12a,b. - - Finger, 1990, Cushman
Lab. Foram. Res., Spec. Pub., no. 28, p. 68-69, plate-figs. 1-8. 

COMMENTS: This group includes specimens assigned to Buliminella curta var
basispinata Stewart and Stewart by Natland (1952, pi. 8, fig. 7a,b, 8, 9a,b). 

RANGE: Oligocene (Zemorrian) to Holocene (Finger, 1990) 
ECOLOGY: The upper depth limit of Buliminella curta is in the outer neritic biofacies

(Ingle, 1980). Blake (1991) considers this species an indicator of low oxygen
conditions. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Buliminella elegantissima d'Orbigny 
Buliminella elegantissima d'Orbigny, 1839, Voyage dans 1'Amerique Meriodionale;

Foraminiferes, v. 5, pt. 5, p. 51, pi. 7, figs. 13, 14. 
Buliminella elegantissima (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, pi. 8, fig. 3a,b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi.
24, fig. 5. - - Haller, 1980, in The Miocene Stratigraphy of California Revisited,
AAPG, p. 244, pi. 6, figs. 12a-b. - - Finger, 1990, Cushman Lab. Foram. Res.,
Spec. Pub., no. 28, p. 70-71, plate-figs. 1-8. 

RANGE: Oligocene (Zemorrian) to Holocene (Finger, 1990) 
ECOLOGY: The upper depth limit of Buliminella elegantissima is in the inner neritic

biofacies (Ingle, 1980). These species thrive in the inner neritic zone regardless of
the latitude (Ingle and Keller, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Buliminella subfusiformis Cushman
Buliminella subfusiformis Cushman 1925, Contr. Cushman Lab. Foram. Res., v. 1, p. 33, pi. 

5, fig. 12. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 134, pi. 23, 
figs. 6a-b. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 
8, fig. 4. - - White, 1953, Jour. Paleo., v. 30, pi 255, pi. 30, fig. 13. - - Haller, 
1980, in The Miocene Stratigraphy of California Revisited, AAPG, p. 244, pi. 6, 
figs. 11, 13a,b. - - Finger, 1990, Cushman Lab. Foram. Res., Spec. Pub., no. 28, p. 
74-75, plate-figs. 1-9.

RANGE: Oligocene (Zemorrian) to Holocene (Finger, 1990)
ECOLOGY: The upper depth limit of Buliminella subfusiformis is in the upper bathyal, 

oxygen-minimum biofacies (Ingle, 1980).
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)
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Cassidulina californica Cushman and Hughes 
Cassidulina californica Cushman and Hughes, 1925, Contr., Cushman Lab. Foram. Res.,v.

1, p. 12, pi. 2, fig. 1. - - Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 78, pi.
12, figs. 6, 7. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles,
pi. 16, fig. 9a,b, 10a,b, 11. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v.
3. p. 134, pi. 24, fig. 2a,b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 25, fig.
1. - - White, 1956, Jour. Paleo., v. 30, p. 255, pi. 31, fig. la,b. 

Islandiella californica (Cushman and Hughes) - - Finger, 1990, Cushman Lab. Foram. Res.,
Spec. Pub., no. 28, p. 138-139, plate-figs. 1-6. 

RANGE: Miocene to Holocene (Finger, 1990) 
ECOLOGY: The upper depth limit of Cassidulina californica is in the upper bathyal

biofacies but may be transitional between outer neritic and upper bathyal biofacies
(Ingle, 1980). Cassidulina californica (Islandiella californica of some authors)
ranges from the Aluetian to the California province (Culver and Buzas, 1986; Buzas
and Culver, 1991) 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cassidulina corbyi Cushman and Hughes 
Cassidulina corbyi Cushman and Hughes, 1925, Contr., Cushman Lab. Foram. Res., v. 1, p.

14, pi. 2, fig. 3. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 17, fig. 6, 7a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Cassidulina cushmani Stewart and Stewart 
Cassidulina cushmani Stewart and Stewart, 1930, Jour. Paleo., v. 4, p. 71, pi. 9, fig. 5. - -

Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 17, fig. lla,b,
13a,b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 25, fig. 5. - - White, 1956,
Jour. Paleo., v. 30, p. 255, pi. 30, fig. 2a,b. 

COMMENTS: The aperture is an elongate narrow slit following curve of proceeding
chamber. 

ECOLOGY: The upper depth limit of Cassidulina cushmani is in the upper middle
bathyal biofacies and is associated with the Antarctic Intermediate Water, cool, high
salinity, oxygen-rich water (Ingle and Keller, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cassidulina delicata Cushman 
Cassidulina delicata Cushman, 1927, Bull., Scripps Inst. Ocean., Tech. Ser., v. 1, p. 168,

pi. 6, fig. 5. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 25, fig. 4. 
Cassidulina cushmani Stewart and Stewart - - Martin, 1952, Cushman Lab. Foram. Res.,

Contr., v. 3, p. 135, pi. 24, figs. 5a-b. 
Paracassidulina delicata (Cushman) - - Finger, 1990, Cushman Lab. Foram. Res., Spec.

Pub., no. 28, p. 186-187, plate-figs. 1-8. 
Cassidulina parisi Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 17,

fig. 2a,b.
RANGE: late Miocene to Holocene 
ECOLOGY: Cassidulina delicata is a comopolitian species (Culver and Buzas, 1986),

with an upper depth limit that is transitional between upper bathyal and upper
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middle bathyal biofacies (Ingle, 1980). Cassidulina delicata suggests low oxygen 
conditions (Blake, 1981). Cassidulina delicata is a common species in the group I, 
lower slope assemblage of the nearshore basins and a dominant species in the group 
I, lower slope assemblages of the offshore basins in the California continental 
borderland (Douglas and Heitman, 1979). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cassidulina depressa Asano and Nakamura
Cassidulina subglobosa Brady depressa Asano and Nakamura, 1937, Japanese Jour. Geol. 

Geogr., Trans. Abstr., v. 14, p. 148, pi. 13, fig. 8.
Cassidulina depressa Asano and Nakamura - - McDougall, 1985, Initial Reports of the 

Deep Sea Drilling Project, v. 84, p. 391.
ECOLOGY: Cassidulina depressa dominates the outer neritic biofacies off southern 

California and is a common species in the upper slope assemblage of the nearshore 
basins and a dominant species in the bank assemblages of the offshore basins of the 
California continental borderland (Douglas and Heitman, 1979). Cassidulina 
depressa may be present in the inner neritic biofacies but in greatly reduced 
abundances (Ingle and Keller, 1980).

OCCURRENCE: Balcom Canyon

Cassidulina laevigata d'Orbigny 
Cassidulina laevigata d'Orbigny, 1826, Ann. Sci. Nat., ser. 1, v. 7, p. 282, pi. 15, figs. 4-

5, 5 bis. - - Phleger and Parker, 1951, Geol Soc. Amer., Memior, v. 46, p. 27, pi.
14, figs. 6a-b. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles,
pi. 17, fig. 12a,b. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling
Project, v. 84, p. 391, pi. 6, fig. 7. 

ECOLOGY: The upper depth limit of Cassidulina laevigata is in the upper bathyal to
upper middle bathyal biofacies (Smith, 1964; Ingle, 1980). Forms which lack the
well developed keel of C. laevigata carinata first appear on the outer shelf off
Central America (Smith, 1964) 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cassidulina laevigata carinata Silvestri
Cassidulina laevi-gata d'Orbigny carinata Silvestri, 1896, Accad. Pont. Nuovi Lincei, 

Memoirs, v. 15, p. 104, pi. 2, fig. lOa-c. - - Phleger and Parker, 1951, Geol Soc. 
Amer., Memoirs, v. 46, p. 27, pi. 14, figs. 7a-b. - - White, 1956, Jour. Paleo., v. 
30, p. 255, pi. 31, fig. 3a,b. - - McDougall, 1985, Initial Reports of the Deep Sea 
Drilling Project, v. 84, p. 391.

hlandiella carinata (Silvestri) - - Finger, 1990, Cushman Lab. Foram. Res., Spec. Pub., no. 
28, p. 140-141, plate-figs. 1-8.

COMMENTS: Only forms with a distinct keel described as thin carinae by Cushman 
(1922) are included in this species. This variation is probably an ecologic variation 
of C. laevigata d'Orbigny since the trend recognized by Smith (1964) indicates the 
periphery becomes more acute and develops a keel as depth increases off Central 
America. Smith (1964) noted keels on specimens below 150 m.

RANGE: Oligocene to Pliocene (Finger, 1990)
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ECOLOGY: The upper depth limit of Cassidulina laevigata carinata is in the upper
middle bathyal biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon

Cassidulina limbata Cushman and Hughes
Cassidulina limbata Cushman and Hughes, 1925, Contr., Cushman Lab. Foram. Res., v. 1, 

p. 12, pi. 2, fig. 2. - - Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 78, pi. 12, 
fig. 12. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 17, 
fig. la,b. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 135, pi. 24, 
fig. 6a-b.

ECOLOGY: Cassidulina limbata ranges from the Aluetian to the California province of 
Buzas and Culver (1990). Its upper depth limit is transitional between outer neritic 
and upper bathyal biofacies (Ingle, 1980). Cassidulina limbata is a dominant 
species in the bank assemblages of both the nearshore and offshore basins of the 
California continental borderland (Douglas and Heitman, 1979).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cassidulina lomitensis Galloway and Wissler 
Cassidulina lomitensis Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 79, pi. 12, fig.

10. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 18, tig.
3a,b. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 135, pi. 24, figs.
7a-b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 25, fig. 5. - - White, 1956,
Jour. Paleo., v. 30, p. 256, pi. 31, fig. 4a,b. 

ECOLOGY: The upper depth limit of Cassidulina lomitensis is transitional between the
outer neritic and the upper bathyal biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon

Cassidulina minuta Cushman
Cassidulina minuta Cushman, 1933, Contr. Cushman Lab Foram. Res., v. 9, p. 92, pi. 10, 

fig. 3. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, 
p. 391.

ECOLOGY: Although Cassidulina minuta is listed as rare off Monterey and common 
south of Point Conception (Culver and Buzas, 1986), it is thought to range from the 
Aluetian to the Panamanian province of Buzas and Culver (1990). The upper depth 
limit of Cassidulina minuta is in the outer neritic biofacies (Smith, 1964; Ingle, 
1980).

OCCURRENCE: Balcom Canyon

Cassidulina oblonga Reuss 
Cassidulina oblonga Reuss, 1850, K. Akad. Wiss. Wien, Math.-Nat. Cl., Denkschr., Bd. 1,

p. 376, pi. 48, figs. 5, 6. 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)
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Cassidulina spp.
COMMENTS: Cassidulina spp. includes specimens assigned to Cassidulina crassaformis 

m.s. Natland, (1952, p. 152, pi. 17, fig. 5 a,b.); Cassidulina pacifica m.s. Natland 
(1952, p. 154, pi. 17, fig. 14 a,b.); Cassidulina reflexsa of Natland (1952, checklist); 
and Cassidulina spira m.s. Natland (1952, p. 155, pi. 18, fig. la,b.) as well as 
specimens which are too poorly preserved to identify to species.

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cassidulina tortuosa Cushman and Hughes
Cassidulina tortuosa Cushman and Hughes, 1925, Contr., Cushman Lab. Foram. Res., v. 1, 

p. 14, pi. 2, fig. 4. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los 
Angeles, pi. 17, fig. 2a,b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 25, fig. 3. 
- - Haller, 1980, in The Miocene Stratigraphy of California Revisited, AAPG, p. 
260, pi. 12, fig. 4a,b,c.

ECOLOGY: Cassidulina totuosa is a cosmopolitan species (Culver and Buzas, 1986) with 
an upper depth limit transitional between the outer neritic and upper bathyal 
biofacies (Ingle, 1980). Cassidulina tortuosa is a dominant species in the bank 
assemblage of the offshore basins of the California continental borderland (Douglas 
and Heitman, 1979).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cassidulina transluscens Cushman and Hughes 
Cassidulina transluscens Cushman and Hughes, 1925, Contr., Cushman Lab. Foram. Res.,

v. 1, p. 15, pi. 2, fig. 5. - - Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 80,
pi. 12, fig. 11. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles,
pi. 17, fig. 9, 10a,b. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p.
136, pi. 24, figs. 4a-b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 25, fig.
6. - - White, 1956, Jour. Paleo., v. 30, p. 256, pi. 31, fig. 5a,b. 

ECOLOGY: Although the upper depth limit of Cassidulina transluscens is given as in the
upper bathyal biofacies, the upper depth limit of this species is transitional between
the outer shelf and upper bathyal biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cassidulina tumida Natland 
Cassidulina tumida Natland, 1938, Bull., Scripps Inst. Ocean., Tech. Ser., v. 4, p. 148, pi.

6, figs. 2-3. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif, Los Angeles, pi.
17, fig. 8a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Cassidulinella pliocenica Natland 
Cassidulinella pliocenica Natland, 1940, Jour. Paleo., v. 14, p. 570-571, pi. 69, figs. 5, 6a-

c. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif, Los Angeles, pi. 18, fig.
4a,b,c. 

RANGE: Species has been found in the upper Pliocene of the Los Angeles and Ventura
basins (Natland, 1940). 

OCCURRENCE: Balcom Canyon
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Cassidulinoides bradyi (Norman)
Cassidulina bradyi Norman, 1881, Quart. Jour. Micr. Sci., n.s., v. 21, p. 59. 
Cassidulinoides bradyi (Norman) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,

Los Angeles, pi. 18, fig. 3a,b. - - Haller, 1980, in The Miocene Stratigraphy of
California Revisited, AAPG, p. 261, pi. 13, fig. 6a,b,c. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Cassidulinoides tenuis Phleger and Parker 
Cassidulinoides tenuis Phleger and Parker, 1951, Geol. Soc. Amer., Memoirs, v. 46, p. 27,

pi. 4, figs. 14-17. 
Rutherfordoides tenuis (Phleger and Parker) - - Kohl, 1985, Bull. Amer. Paleo., v. 88, p.

89, pi. 18, fig. 5. 
ECOLOGY: The upper depth limit of Cassidulinoides tenuis is in the upper middle

bathyal biofacies (Smith, 1964). 
OCCURRENCE: Balcom Canyon

Chilostomella oolina Schwager
Chilostomella oolina Schwager, 1878, Geol. (Reale com. Geol. Italiana), Boll., v. 9, p. 527, 

pi. 1, fig. 16. - - Phelger and Parker, 1951, Geol. Soc. Amer., Memoir, v. 46, p. 29, 
pi. 15, fig. 10. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, 
pi. 19, fig. 5a,b. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling 
Project, v. 84, p. 391.

ECOLOGY: Chilostomella oolina is a cosmopolitan species (Culver and Buzas, 1986).
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cibicides fletcheri Galloway and Wissler 
Cibicides fletcheri Galloway and Wissier, 1927, Jour. Paleo., v. 1, p. 64, pi. 10, figs. 8-9. -

- Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 125, pi. 20, figs. 2a-b. -
- McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p. 392 

Anomalina schmitti Cushman and Wickenden - - Natland, 1952, unpub. Ph.D. Diss., Univ.
of Calif., Los Angeles, pi. 20, fig. la,b,c. 

COMMENTS: Specimens included in this species were restricted to forms with a flat
spiral side and a convex umbilical side. Forms with a concave spiral side are
identified as C. cf. C. fletcheri. 

ECOLOGY: Cibicides fletcheri is a cosmopolitan species (Culver and Buzas, 1986; Buzas
and Culver, 1991). Its upper depth limit is in the inner neritic biofacies (Ingle,
1980). Cibicides fletcheri is a dominant species in the bank assemblages of both
the nearshore and offshore basins of the California continental borderland (Douglas
and Heitman, 1979). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cibicides lobatulus (d'Orbigny)
Truncatulina lobatulus d'Orbigny, 1839, Histoire naturelle des lies Canaries, v. 2, p. 134, 

pi. 2, figs. 22-24.
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Cibicides lobatulus (d'Orbigny) - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 22, fig. 4. 
ECOLOGY: Cibicides lobatulus is a cosmopolitan species (Culver and Buzas, 1986;

Buzas and Culver, 1991). Its upper depth limit is in the inner neritic biofacies
(Ingle, 1980). 

OCCURRENCE: Balcom Canyon

Cibicides mckannai Galloway and Wissler 
Cibicides mckannai Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 65, pi. 10, figs. 5-

6. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 20, fig.
8a,b,c, 9. - - White, 1956, Jour. Paleo., v. 30, p. 249, pi. 28, fig. 6a,b,c. - -
McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p. 392. 

Cibicidoides mckannai (Galloway and Wissler) - - Finger, 1990, Cushman Lab. Foram.
Res., Spec. Pub., no. 28, p. 86-87, plate-figs. 1-8. 

RANGE: Middle Miocene to Holocene (Finger, 1990) 
ECOLOGY: Although Cibicides mckannai is found most commonly south of Point

Conception (Culver and Buzas, 1986), its range is though to be from the Aluetian
to the Panamanian province of Buzas and Culver (1990). Its upper depth limit is in
the upper bathyal biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cibicides spiralis Natland 
Cibicides spiralis Natland, 1938, Bull., Scripps Inst. Ocean, Tech. Sen, v. 4, p. 151, pi. 7,

fig. 7. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 20,
fig. 7a,b,c. 

Cibicides mckannai Galloway and Wissler var. spiralis Natland - - Haller, 1980, in The
Miocene Stratigraphy of California Revisited, AAPG, p. 266, pi. 18, fig. la,b,c. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Cibicides/Cibicidoides spp. 
COMMENTS: This designation includes species assigned to Cibicides concideus (Natland,

1952) and Cibicides repettensis (Natland, 1952) as well as specimens which can not
be identified to species. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Cibicidoides bradyi (Trauth) 
Truncatulina bradyi Trauth, 1918, K. Akad. Wiss. Wien, Math.-Nat. Kl., Denkschr., Bd. 95,

p. 235. 
Cibicidoides bradyi (Trauth) - - McDougall, 1985, Initial Reports of the Deep Sea Drilling

Project, v. 84, p. 392. 
ECOLOGY: The upper depth limit of Cibicidoides bradyi is in the upper middle bathyal

biofacies (Ingle and Keller, 1980). 
OCCURRENCE: Balcom Canyon
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Cibicidoides wuellerstorffi (Schwager)
Anomalina wuellerstorffi Schwager, 1866, Novara Exped., Geologisch Theil, v. 2, p. 258, 

pi. 7, figs. 105, 107.
Planulina wuellerstorfi (Schwager) - - Phleger and Parker, 1951, Geol. Soc. Amer., 

Memoirs, v. 46, pi. 33, pi. 18, figs, lla, b; pi. 19, figs. 1, b-3a, b.
Cibicidoides wuellerstorffi (Schwager) - - McDougall, 1985, Initial Reports of the Deep Sea 

Drilling Project, v. 84, p. 392.
ECOLOGY: Cibicidoides wuellerstorffi is generally associated with the warmer parts of 

the Antarctic Bottom Water, Pacific Deep Water, and North Atlantic Deep Water 
where temperatures are 1.9-3.0°C, the water is well-oxygenated and moderately 
saline (34.7-35.0 °/J (Lohmann, 1978; Schnitker, 1980; Corliss, 1983).

OCCURENCE: Balcom Canyon

Cyclammina cancellata Brady 
Cyclammina cancellata Brady, 1879, p. 62. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, p). 1, fig. 6a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Cyclammina spp. 
COMMENTS: The designation includes specimens which are too poorly preserved to

identify to species. 
OCCURRENCE: Baicom Canyon

Dentalina baggi Galloway and Wissier 
Dentalina baggi Galloway and Wissier, 1927, Jour. Paleo., v. 1, p. 49, pi. 8, figs. 14, 15. -

- Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 118, pi. 17, figs. 6a-b. 
ECOLOGY: Along the East Pacific Margin, Dentalina baggi is found from Point

Conception south (Culver and Buzas, 1986). 
OCCURRENCE: Balcom Canyon

Dentalina soluta Reuss 
Dentalina soluta Reuss, 1851, Deut. Geol. Gesel., Zeit. v. 3, p. 60, pi. 3, fig. 4 a,b. - -

Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 3, figs. 12, 13,
14, 15a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Dentalina spp. 
COMMENTS: This designation includes specimens assigned to Dentalina lawndalensis

m.s. Natland (1952, p. 102, pi. 3, fig. 10 a,b) as well as specimens too poorly
preserved or broken to identify to species. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Discorbis spp. 
COMMENTS: Specimens can only be identified to genus.
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OCCURRENCE: Balcom Canyon

Dyocibicides perforates Cushman and Valentine 
Dyocibicides perforata Cushman and Valentine, 1930, Stanford Univ. Dept. Geol., Contr.,

v. 1, p. 31, pi. 10, fig. 3. 
OCCURRENCE: Balcom Canyon

Ehrenbergina bradyi Cushman 
Ehrenbergina bradyi Cushman, 1922, U.S. Nat. Mus. Bull., no. 104, p. 134, pi. 26, fig.

5. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 18, fig.
6a,b,c,d. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v.
84, pi. 6, fig. 8. 

ECOLOGY: Species of Ehrenbergina are most common at depths of 2.3 to 4.2 km in the
Atlantic (Lohmann, 1978). This depth association has been adopted for all species
of Ehrenbergina in this study. Examples of depth associations in the Pacific are
given under the species. Deviations from the lower bathyal to abyssal association
are stressed. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Elphidiella hannai (Cushman and Grant) 
Elphidium hannai Cushman and Grant, 1927, San Diego Soc. Nat. Hist., Trans., v. 5, p. 77,

pi. 8, fig. 1. 
Elphidiella hannai (Cushman and Grant) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, pi. 7, fig. 6a,b. - - Haller, 1980, in The Miocene Stratigraphy
of California Revisited, AAPG, p. 241, pi. 6, figs. la,b. 

ECOLOGY: Along the East Pacific Margin, Elphidiella hannai is common from Point
Conception north, with rare occurrences in the Santa Barbara Basin of southern
California (Culver and Buzas, 1986). Elphidiella hannai migrated south during
cooler periods in the late Neogene when the California Current moved south of its
present position. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Elphidium articulatum (d'Orbigny) 
Polystomella articulata d'Orbigny, 1939, Voyage dans 1'Amerique Meriodionale;

Foraminiferes, v. 5, p. 30, pi. 3, figs. 9-10. 
Elphidium articulatum (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,

Los Angeles, p. 113, pi. 6, fig. 12a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Elphidium crispum (Linne)
Nautilus crispus Linne, 1758, Systema Nr.turae, p. 709. 
Elphidium crispum (Linne) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 7, figs. 1, 2a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)
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Elphidium frigidum Cushman 
Elphidium frigidum Cushman, 1933, Smithsonian Inst. Misc. Coll., v. 89, p. 5, pi. 1, fig. 8.

- - Loeblich and Tappan, 1953, Smithsonian Misc. Coll., v. 121, p. 99, pi. 18, figs.
4-9. 

OCCURRENCE: Balcom Canyon

Elphidium gunteri Cole 
Elphdium gunteri Cole, 1931, Florida State Geol. Survey Bull., no. 6, p. 34, pi. 4, figs. 9-

10. 
OCCURRENCE: Balcom Canyon

Elphidium spp. 
COMMENTS: This designation includes specimens assigned to Elphidium acutum m.s.

Natland (1952, p. 116, pi. 7, fig. 5a,b) as well as specimens too poorly preserved to
identify to species. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Elphidium translucens Natland 
Elphidium translucens Natland, 1938, Bull., Scripps Inst. Ocean., Tech. Ser., v. 4, p. 144,

pi. 5, figs. 3, 4. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 22, fig. 9. 
Elphidium poeyanum (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,

Los Angeles, pi. 6, figs. 13, 14a,b, 16, 17a,b. 
ECOLOGY: Although Elphidium translucens is considered a cosmopolitan species (Culver

and Buzas, 1986), its range is thought to be from the Oregonian to the Panamanian
province of Buzas and Culver (1990). The depth limit of Elphidium transluscens is
in the inner neritic biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Elphidium tumidum Natland 
Elphidium tumidum Natland, 1938, Bull., Scripps Inst. Ocean., Tech. Ser., v. 4, p. 144, pi.

5, figs. 
Elphidium hughesi Cushman and Grant - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, pi. 6, figs. 15a,b. 
ECOLOGY: Although Elphidium. tumidum is considered a cosmopolitan species (Culver

and Buzas, 1986), its range is thought to be from the Aluetian to the Panamanian
province of Buzas and Culver (1990). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

E/istominellc. bradyana (Cushman)
Pulvinulinella bradyana Cushman, 1927, Bull, Scripps Inst. Ocean., Tech. Ser., v. 1, p. 

165, pi. 5, figs, il-13.
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Pulvinulinella (Epistominella) bradyana Cushman - - Natland, 1952, unpub. Ph.D. Diss.,
Univ. of Calif., Los Angeles, pi. 16, fig. 3a,b,c. 

Epistominella bradyana (Cushman) - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v.
3, p. 136, pi. 24, figs. 9a-b. - - White, 1956, Jour. Paleo., v. 30, p. 257, pi. 31, fig.
7a,b,c. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84,
p. 393. 

ECOLOGY: Epistominella bradyana is a cosmopolitan species which is commonly found
in the California borderland (Culver and Buzas, 1986). Buzas and Culver (1990)
indicate it ranges from the Oregonian to the Panamanian province. The upper depth
limit of Epistominella bradyana is in the outer neritic biofacies (Smith, 1964). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Epistominella exiqua (Brady) 
Epistominella exiqua Brady, 1884, Report on the Scientific Results of the Voyage of the

H.M.S. Challenger during the years 1873-1876, Zoology, v. 9, p. 696, pi. 103, figs.
13-14. 

Pulvulinella (Epistominella) umbilicatula m.s. - - Natland, 1952, unpub. Ph.D. Diss., Univ.
of Calif., Los Angeles, pi. 16, fig. 2a,b,c. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Epistominella pacifica (Cushman) 
Pulvinulinella pacifica Cushman, 1927, Bull, Scripps Inst. Ocean., Tech. Ser., v. 1, p. 165.

pi. 5, figs. 14, 15. 
Pulvinulinella (Epistominella) pacifica Cushman - - Natland, 1952, unpub. Ph.D. Diss.,

Univ. of Calif., Los Angeles, pi. 16, fig. la,b,c, 6. 
Epistominella pacifica (Cushman) - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v.

3, p. 136, pi. 24, figs. 8a-b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 23, fig.
2. - - Haller, 1980, in The Miocene Stratigraphy of California Revisited, AAPG, p.
254, pi. 10, fig. 5a,b,c; 6a,b,c. 

ECOLOGY: The upper depth limit of Epistominella pacifica is in the upper middle
bathyal biofacies (Ingle, 1980). Epistominella pacifica is commonly found
associated with Antarctic Intermediate Water, cool, high salinity, oxygen-rich water
(Ingle and Keller, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Epistominella subperuviana (Cushman) 
Pulvinulinella subperuviana Cushman, 1926, Contr., Cushman Lab. Foram. Res., v. 2, p.

73-80, pi. 9, fig. 9. 
Pulvinulinella (Epistominella) cf. subperuviana Cushman - - Natland, 1952, unpub. Ph.D.

Diss., Univ. of Calif., Los Angeles, pi. 16, fig. 4a,b,c, 5a,b,c. 
Epistominella subperuviana (Cushman) - - McDougall, 1985, Initial Reports of the Deep

Sea Drilling Project, v. 84, p. 393. - - Haller, 1980, in The Miocene Stratigraphy of
California Revisited, AAPG, p. 254, pi. 10, fig. 7a,b,c. 

Pseudoparrella subperuviana (Cushman) - - Finger, 1990, Cushman Lab. Foram. Res.,
Spec. Pub., no. 28, p. 210-211, plate-figs. 1-9. 

RANGE: Oligocene to Holocene (Finger, 1990)
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ECOLOGY: Epistominella subperuviana first appears at the shelf edge (Ingle and Keller, 
1980). In this paper the upper depth limit is placed in the upper bathyal biofacies 
(Ingle, 1980; Resig, 1981) - - Resig (1981) finds this species associated with 
temperatures of 7-13° C, a salinity range of 34.6 ^ and an oxygen content of less 
than 1 ml/1.

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Epistominella smithi (Stewart and Stewart)
Pulvinulinella smithi Stewart and Stewart, 1930, Jour. Paleo., v. 4, p. 70, pi. 9, fig. 4.
Epistominella smithi (Stewart and Stewart) - - Bandy, 1953, Jour. Paleo., v. 27, p. 177, pi. 

23, fig. 7. - - White, 1956, Jour. Paleo., v. 30, p. 257, pi. 32, fig. la,b,c. - - Finger, 
1990, Cushman Lab. Foram. Res., Spec. Pub., no. 28, p. 98-99, plate-figs. 1-8.

COMMENTS: Forms with a lobate periphery are assigned to this species. Similar but not 
lobate peripheries are assigned to E. pacifica.

RANGE: Miocene to Pliocene (Finger, 1990)
ECOLOGY: Epistominella smithi is a cosmopolitan species which is found commonly in 

the California borderland (Culver and Buzas, 1986). Its upper depth limit is 
transitional between upper bathyal and upper middle bathyal biofacies (Ingle, 1980). 
Epistominella smithi is a dominant species in the group H, lower slope assemblages 
of both the nearshore and offshore basins of the California continental borderland 
(Douglas and Heitman, 1979). Epistominella smithi suggests low oxygen conditions 
(Blake, 1981).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Eponides healdi Stewart and Stewart
Eponides healdi Stewart and Stewart, 1930, Jour. Paleo., v. 4, p. 70, pi. 8, fig. 8. - - 

Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles,pl. 14, figs. 7a,b,c. - 
- Haller, 1980, in The Miocene Stratigraphy of California Revisited, AAPG, p. 256, 

pi. 11, figs. 4a,b,c. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Eponides spp. 
COMMENTS: This designation includes specimens assigned to Eponides sp. 5, Eponides

cf. E. rosaformis Cushman and Kleinpell of Natland (1952, pi. 15, figs. la,b,c), and
Eponides sp. B of Natland (1952). 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Fissurina alveoiata (Brady) 
Lagena alveoiata Brady, 1884, Report on the Scientific Results of the Voyage of the

H.M.S. Challenger during the years 1873-1876, Zoology, v. 9, p. 487, pi. 60, figs.
30, 32. 

Fissurina alveoiata (Brady) - - McDougall, 1985, Initial Reports of the Deep Sea Drilling
Project, v. 84, p. 393, pi. 2, fig. 7. 

OCCURRENCE: Balcom Canyon
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Fissurina bobjonegoroensis (Boomgaart) 
Entosolenia bobjonesoroensis Boomgaart in Thalmann, 1950, Cushman Lab. Foram. Res.,

Contr., v. 1, p. 42. 
Fissurina bobojonesgoroensis (Boomgaart) - - Kohl, 1985, Bull. American Paleo., v. 88, p.

55, pi. 15, fig. 1. 
OCCURRENCE: Balcom Canyon

Fissurina kugleri (Cushman and Stainforth) 
Entosolenia kugleri Cushman and Stainforth, 1945, Cushman Lab. Foram. Res., Spec. Pub.,

no. 14, p. 45, pi. 7, fig. 5. 
Fissurina kugleri (Cushman and Stainforth) - - McDougall, 1985, Initial Reports of the

Deep Sea Drilling Project, v. 84, p. 393. 
OCCURRENCE: Balcom Canyon

Fissurina marginata (Montagu)
Verminulum marginatum Montagu, 1803, Testacea Britannica, p. 524.
Fissurina marginata (Montagu) - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, 

p. 123, pi. 18, figs. 12a-b. - - Kohl, 1985, p. 55, pi. 15, fig. 5. - - McDougall, 
1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p. 393.

OCCURRENCE: Balcom Canyon

Fissurina obscurocostata Galloway and Wissler 
Fissurina obsucurocostata Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 52, pi. 9, fig.

1. 
OCCURRENCE: Balcom Canyon

Fissurina orbignyana Sequenza 
Fissurina (Fissurine) orbignyana Sequenza, 1862, Eco Peloritano, Giornale Sci., Lette. and

Arti., ser. 2, v. 5, p. 66, pi. 2, figs. 25-26. 
Fissurina orbignyana Sequenza - - McDougall, 1985, Initial Reports of the Deep Sea

Drilling Project, v. 84, p. 393. 
OCCURRENCE: Balcom Canyon

Fissurina spp. 
COMMENTS: This designation includes species which are too poorly preserved to identify

to species. 
OCCURRENCE: Balcom Canyon

Fursenkoina cornuta (Cushman)
Virgulina cornuta Cushman, 1913, U.S. Nat. Museum, Bull., v. 74, p. 637, pi. 80, fig. 

1. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 133, pi. 23, figs. 
9a-b.
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Cassidulinoides cornuta (Cushman) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., 
Los Angeles, pi. 18, fig. 7a,b,c,d, 8a,b,c. - - White, 1956, Jour. Paleo., v. 30, p. 
256, pi. 31, fig. 6a,b,c.

COMMENTS: (Natland, 1952) "This species is usually placed in Virgulina. This 
designation is here considered erroneous because this form has no triserial portion, 
but is biserial throughout. It might be deserving of a new generic name such as 
Pseudo-cassidulinoides because there are no definitely coiled chambers initially."

ECOLOGY: Fursenkoina cornuta is a dominant species in the basin floor assemblages of 
both the nearshore and offshore basins of the California continental borderland 
(Cassidulinoides cornuta of Douglas and Heitman, 1979).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Fursenkoina schrebersiana (Czjzek) 
Virgulina schreibersiana Czjeck, 1848, Haidinger's Nat. Wiss., Abh. 2, p. 147, pi. 13, figs.

18-21. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 9,
figs. 6a,b, 8a,b. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Fursenkoina spp. 
COMMENTS: This designation includes species which are too poorly preserved to identify

to species. 
OCCURRENCE: Balcom Canyon

Fursenkoina nodosa Stewart and Stewart 
Virgulina nodosa Stewart and Stewart, 1930, Jour. Paleo,, v. 4, p. 64, pi. 8, fig. 4. - -

Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, p. 124, pi. 9, fig.
9. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Gaudryina arenaria Galloway and Wissler 
Gaudryina arenaria Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 68, pi. 11, fig.

5. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 2, fig. - -
Bandy, 1953, Jour. Paleo., v. 27, p. 177, pi. 21, fig. 9. 

ECOLOGY: Although Gaudryina arenaria is found primarily from the Marin headlands
south, it ranges from the Aluetian to the California province of Buzas and Culver
(1990). The upper depth limit of Gaudryina arenaria is in the outer neritic
biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Glandulina laevigata (d'Orbigny) 
Nodosaria (Glandulina) laevigata d'Orbigny, 1826, Annales Science Naturelle, ser. 1, v. 7,

p. 252, pi. 10, figs. 1-3. 
Glandulina laevigata (d'Orbigny) - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v.

3, p. 118, pi. 17, figs. 3a-b. - - White, 1956, Jour. Paleo., v. 30, p. 246, pi. 27,
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figs. 4, 5a,b. - - Holler, 1980, in The Miocene Stratigraphy of California Revisited, 
AAPG, p. 237, pi. 4, fig. 13. - - Kohl, 1985. Bull. American Paleo., v. 88, p. 54, 
pi. 14, fig. 2. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, 
v. 84, p. 394.

Pseudoglandulina laevigata (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of 
Calif., Los Angeles, pi. 5, figs. 9a,b.

ECOLOGY: The upper depth limit of Glandulina laevigata is in the upper middle bathyal 
biofacies (Ingle, 1980).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Globobulimina pacifica Cushman
Globobulimina pacifica Cushman, 1927, Bull., Scripps Inst. Ocean., Tech. Ser., v. 1, p. 67, 

pi. 14, fig. 12. - - Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 74, pi. 11, fig. 
18. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 9, fig. 
3a,b, 5a,b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 177. - - Kohl, 1985, Bull. Amer. 
Paleo., v. 88, p. 67, pi. 21, fig. 1.- - McDougall, 1985, Initial Reports of the Deep 
Sea Drilling Project, v. 84, p. 394, pi. 4, fig. 1.

ECOLOGY: Globobulimina pacifica is a cosmopolitan species (Culver and Buzas, 1986). 
Its upper depth limit is transitional between outer neritic and upper bathyal biofacies 
(Ingle, 1980). Keller and Ingle (1980) find Globobulimina pacifica associated with 
the shallow oxygen minimum zone in the upper bathyal biofacies. Globobulimina 
pacifica is a dominant species in the upper slope assemblages of the nearshore 
basins of the California continental borderland (Douglas and Heitman, 1979).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Globobulimina pyrula (d'Orbigny) 
Bulimina pyrula d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de Vienne

(Autriche) (Due fossilen Foramniferen des tertiaeren Beckens von Wien), Gide et
Comp., p. 184, pi. 11, figs. 9-10. 

OCCURRENCE: Balcom Canyon

Globobulimina spinifera Cushman 
Bulimina spinifera Cushman, 1927, Bull., Scripps Inst. Ocean., Tech. Ser., v. 1, p. 151, pi.

2, fig. 15. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi.
8, figs. 21a,b, 22a,b.

COMMENTS: probably synonomous with B. pyrula d'Orbigny var. spinescens Brady 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Globocassidulina subglobosa (Brady) 
Cassidulina subglobosa Brady, 1881, Quart. J. Micr. Sci., v. 21, p. 60. - - Phleger and

Parker, 1951, Geol. Soc. Amer., Memoirs, v. 46, p. 27. pi. 14, figs. 11-13. - - Kohl,
1985, Bull. American Paleo., v. 88, p. 88, pi. 30, figs. 3-4. 

Globocassidulina subglobosa - - McDougall, 1985, Initial Reports of the Deep Sea Drilling
Project, v. 84, p. 394. 

Cassidulina s.n.q. subglobosa - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 17, fig. 4a,b.
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ECOLOGY: Globocassidulina subglobosa is a cosmopolitan species (Culver and Buzas, 
1986; Buzas and Culver, 1991) which has been found associated with wanner 
AABW, warmer PDW, NADW, Indian Bottom Water, and Antarctic Intermediate 
Water. It is associated with decreased oxygen conditions. The upper depth limit 
of Globocassidulina subglobosa is in the upper bathyal biofacies (Ingle, 1980). 
Globocassidulina subglobosa is a dominant species in the bank assemblages of both 
the nearshore and offshore basins of the California continental borderland (Douglas 
and Heitman, 1979).

Depth, water-mass and biofacies associations of Globocassidulina subglobosa 
are highly variable. In the Gulf of Mexico, G. subglobosa occurs in the upper 
bathyal biofacies (Pflum and Frerichs, 1976); in the Atlantic Ocean, Lohmann 
(1978) associates this species with depth of 2.5 km and in the Pacific Woodruff 
(1985) associates this species with shallow, early Miocene assemblages (less than 
2.5 km). This species occurs in association with Uvigerina peregrina in the North 
Atlantic NADW (Schnitker, 1980), and South Atlantic Circumpolar Deep Water 
(Lohman, 1978; Gofas, 1978; Schnitker, 1980). In the South Pacific PDW 
Globocassidulina subglobosa is associated with E. umbonifera (Gofas, 1978; 
Schnitker, 1980). Both species become less aboundant in the upper part of the 
PDW (Schnitker, 1980). A similar association is also noted in the Indian Ocean 
where the abundance of G. subglobosa increase slightly as the temperature of the 
AABW increases (Corliss, 1979b).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Guttulina quinquecosta Cushman and Ozawa
Gutiulina quinquecosta Cushman and Ozawa - - Natland, 1952, pi. 5, figs. 4a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Gyroidina altiformis Stewart and Stewart 
Gyroidina soldanii d'Orbigny altiformis Stewart and Stewart, 1930, Jour. Paleo., v. 4, p.

67, pi. 9, fig. 2. - - Phleger and Parker, 1951, Geol. Soc. Amer., Memoirs, v. 46, p.
22, pi. 11, figs. 15a, b, 16a, b. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of
Calif., Los Angeles, pi. 13, fig. 13a,b,c, 14. 

Gyroidina altiformis (Stewart and Stewart) - - Martin, 1952, Cushman Lab. Foram. Res.,
Contr., v. 3, p. 125, pi. 19, figs. 8a-b. - - White, 1956, Jour. Paleo., v. 30, pi. 248,
pi. 28, fig. 4a,b,c. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling
Project, v. 84, p. 394. 

Gyroidinoides altiformis (Stewart and Stewart) - - Kohl, 1985, Bull. American Paleo., v.
88, p. 95, pi. 34, fig. 3. 

Hansenisca altiformis (Stewart and Stewart) - - Finger, 1990, Cushman Lab. Foram. Res.,
Spec. Pub., no. 28, p. 124-125, plate-figs. 1-8. 

RANGE: Oligocene (Zemorrian) to Holocene (Finger, 1990) 
ECOLOGY: The upper depth limit of Gyroidina altiformis is in the upper bathyal

biofacies Ingle (1980). Smith (1964), however, finds the upper depth limit in the
lower middle bathyal biofacies off Central America. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)
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Gyroidina condoni (Cushman and Schenck) 
Eponides condoni Cushman and Schenck, 1928, Univ. Calif., Berkeley, Dept. Geol. Sci.,

Bull., v. 17, p. 313, pi. 44, figs. 6-7. 
Gyroidina condoni (Cushman and Schenck) - - McDougall, 1985, Initial Reports of the

Deep Sea Drilling Project, v. 84, p. 394. 
OCCURRENCE: Balcom Canyon

Gyroidina multilocula Coryell and Mossman 
Gyroidina soldanii d'Orbigny multilocula Coryell and Mossman, 1942, Jour. Paleo., v. 16,

p. 237, pi. 36, fig. 20. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p.
125, pi. 20, fig. la-c. - - White, 1956, Jour. Paleo., v. 30, p. 249, pi. 28, fig. 5a,b,c. 

OCCURRENCE: Balcom Canyon

Gyroidina rotundimargo Stewart and Stewart 
Gyroidina soldanii (d'Orbigny) var. rotundimargo Stewart and Stewart, 1930, Jour. Paleo.,

v. 4, p. 68, pi. 9, fig. 3. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 13, fig. 15a,b,c. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Gyroidina soldanii d'Orbigny 
Gyroidina soldanii d'Orbigny, 1826, Ann. Sci. Nat., ser. 1, v. 7, p. 278, modeles no.

36. - - Natland, 19*2, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 14, fig.
2a,b,c. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84,
p. 394. 

ECOLOGY: Along the East Pacific margin, the upper depth limit of Gyroidina soldanii is
in the lower bathyal biofacies (Ingle, 1980; Ingle and Keller, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Gyroidina spp.
COMMENTS: This designation includes specimens to poorly preserved to identify. 
OCCURRENCE: Balcom Canyon

Hanzawaia illingi (Nuttall) 
Truncatulina illingi Nuttall, 1928, Geol. Soc. London, Quart. Jour., v. 84, p. 99, pi. 7, figs.

11, 17; p. 99, tf. 5. 
ECOLOGY: Along the East Pacific margin, the upper depth limit of Hanzawaia illingi is

in the outer neritic biofacies (Ingle, 1980). 
OCCURRENCE: Balcom Canyon

Hanzawaia nitidula (Brady)
Cibicidina basiloba (Cushman) var. nitidula Bandy, 1953, Jour. Paleo., v. 27, p. 178, pi. 

22, fig. 3.
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Cibicides basiloba (Cushman) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los 
Angeles, pi. 20, fig. 5a,b,c.

ECOLOGY: Although Hanzawaia nitidula is found primarily in the southern California 
borderland and south (Culver and Buzas, 1986), its range is though to be from the 
California to the Panamanian province of Buzas and Culver (1990). Its upper depth 
limit is in the outer neritic biofacies (Ingle, 1980). Blake (1976) considers this 
species a indicator of warmer water. Hanzawaia nitidula is a dominant species in 
the bank assemblages of the offshore basins of the California continental borderland 
(Douglas and Heitman, 1979).

The upper depth limit of Hanzawaia nitidula is in the less turbulent parts of 
the inner neritic biofacies and is most common in the tropical surface water masses. 
Generally found in regions influenced by the Northern Equatorial current (Ingle and 
Keller, 1980), thus Blake (1976), Ingle (1980), and Ingle and Keller (1980) believed 
this species migrated into the borderland in abundance during warm periods when 
the Californica Current/Equatorial Current boundary was north of its present 
location.

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Haplophragmoides spp. 
COMMENTS: This designation includes specimens that are too poorly preserved to

identify to species. 
OCCURRENCE: Balcom Canyon

Hoeglundina elegans (d'Orbigny)
Rotalia elegans d'Orbigny, 1826, Ann. Sci. Nat., ser. 1, v. 7, p. 276, modeles no. 6.
Epistomina elegans (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los 

Angeles, pi. 15, fig. 8a,b,c.
Hoeglundina elegans (d'Orbigny) - - Phleger and Parker, 1951, Geol. Soc. Amer., Memoirs, 

v. 46, p. 22, pi. 12, figs, la, b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 177, pi. 23, 
fig. 9. - - Kohl, 1985, Bull. American Paleo., v. 88, p. 59, pi. 14, figs. 4-5. - - 
McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p. 394.

ECOLOGY: Along the East Pacific margin, Hoeglundina elegans is found primarily in 
the California borderland (Culver and Buzas, 1986). It has been found associated 
with warmer Pacific Deep Water, Pacific Intermediate Water, upper North Atlantic 
Deep Water, and Arctic Intermediate Water. It is associated with lower oxygen 
conditions. The upper depth limit of Hoeglundina elegans is in the upper bathyal 
biofacies (Smith, 1964; Ingle, 1980). Hoeglundina elegans is a common species in 
the group II, lower slope assemblages of the offshore basins of the California 
continental borderland (Douglas and Heitman, 1979).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Karreriella grammostomata (Galloway and Wissler) 
Gaudryina grammostomata Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 69, pi. 11,

fig. 6. 
Karreriella grammostomata (Galloway and Wissler) - - Natland, 1952, unpub. Ph.D. Diss.,

Univ. of Calif, Los Angeles, p. 96, pi. 2, fig. 7a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)
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Lagena acuticosta Reuss 
Lagena acuticosta Reuss, 1862, K. Akad. Wiss. Wien, Math.-Naturw. Cl., Sitzber, Bd. 44,

Abth. 1, p. 305. pi. 1, fig. 4. - - Martin, 1952, Cushman Lab. Foram. Res., Contr.,
v. 3, p. 120, pi. 17, figs. 13a-b. 

OCCURRENCE: Balcom Canyon

Lagena amphora Reuss 
Lagena amphora Reuss, 1863, K. Akad. Wiss. Wien, Math.-Naturw. Cl., Sitzber, Bd. 46,

Abth. 1, p. 330, pi. 4, fig. 57. 
ECOLOGY: Although rare Lagena amphora are found off the Monterey Peninsula, it is

found commonly in the California borderland and south (Culver and Buzas, 1986). 
OCCURRENCE: Balcom Canyon

Lagena costata (Williamson) 
Entosolenia costata Williamson, 1858, On the Recent Foraminifera of Great Britian, Ray

Society, p. 9, pi. 1, fig. 18. 
Lagena costata (Williamson) - - McDougall, 1985, Initial Reports of the Deep Sea Drilling

Project, v. 84, p. 394, pi. 2, fig. 2. 
OCCURRENCE: Balcom Canyon

Lagena elongata (Ehrenberg)
Miliola elongata Ehrenberg, 1844, K. Preuss. Akad. Wiss Berlin, Monatsber., p. 274. 
Lagena elongata (Ehrenberg)- - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p.

121, pi. 18, figs. 2a-b. 
ECOLOGY: Lagena elongata is found commonly in the California borderland and south

(Culver and Buzas, 1986). 
OCCURRENCE: Balcom Canyon

Lagena flatulenta Loeblich and Tappan 
Lagena flatulenta Loeblich and Tappan, 1953, Smithsonian Misc. Coll., v. 121, p. 60, pi.

11, figs. 9, 10. 
OCCURRENCE: Balcom Canyon

Lagena hexagona (Williamson)
Entosolenia squamosa (Montagu) var. hexagona Williamson, 1848, p. 20, pi. 2, fig. 23. 
Lagena hexagona (Williamson) - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3,

p. 121, pi. 18, figs. 2a-b. - - McDougall, 1985, Initial Reports of the Deep Sea
Drilling Project, v. 84, p. 395. 

Oolina hexagona (Williamson) - - Kohl, 1985, Bull. American Paleo., v. 88, p. 57, pi. 16,
fig. 4. 

OCCURRENCE: Balcom Canyon
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Lagena laevis (Montagu)
Vermiculwn laeve Montagu, 1803, Testacea Britannica, J.S. Hollis, p. 524. 
Lagena laevis (Montagu) - - Kohl, 1985, Bull. American Paleo., v. 88, p. 40, pi. 8, fig.

6. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p.
395. 

OCCURRENCE: Balcom Canyon

Lagena scalariformis (Williamson) 
Entosolenia squamosa (Montagu) scalariformis Williamson, 1858, On Recent foraminifera

of Great Britian, Ray Society, p. 13, pi. 1, fig. 30. - - Martin, 1952, Cushman Lab.
Foram. Res., Contr., v. 3, p. 121, pi. 18, figs. 2a-b. 

OCCURRENCE: Balcom Canyon

Lagena setigera Millett
Lagena clavata (d'Orbigny) var setigera Millett, 1901, p. 491, pi. 8, figs 9a,b. 
Lagena setigera Millett - - Loeblich and Tappan, 1953, Smithsonian Misc. Coll., v. 121, p.

66, pi. 11, figs. 23, 24. - - Kohl, 1985, Bull. American Paleo., v. 88, p. 41, pi. 8,
fig. 8. 

OCCURRENCE: Balcom Canyon

Lagena semistriata Williamson 
Lagena striata (Monatgu) var semistriata Williamson, 1848, Ann. Mag. Nat. Hist., ser. 2,

v. 1, p. 14, pi. 1. figs. 9-10. 
OCCURRENCE: Balcom Canyon

Lagena spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Lagena striata (d'Orbigny) 
Oolina striata d'Orbigny, 1839, Voyage dans I'Amerique Meriodionale: Foraminiferes, v. 5,

pt. 5, p. 21, pi. 5, fig. 12. 
Lagena striata (d'Orbigny) - - McDougall, 1985, Initial Reports of the Deep Sea Drilling

Project, v. 84, p. 395, pi. 2, fig. 4. - - Martin, 1952, Cushman Lab. Foram, Res.,
Contr., v. 3, p. 121, pi. 18, figs. 6a-b. - - Haller, 1980, in The Miocene Stratigraphy
of California Revisited, AAPG, p. 236, pi. 4, fig. 9.

ECOLOGY: Lagena striata is a cosmopolitan species (Culver and Buzas, 1986). 
OCCURRENCE: Balcom Canyon

Lagena sulcata (Walker and Jacob) 
Serpula sulcata Walker and Jacob in Kanrnacher, 1798, Adams' Essays on the microscope,

Ed. 2, Dillon and Keating, p. 634, pi. 14, fig. 5. 
Lagena sulcata (Walker and Jacob) - - Haller, 1980, in The Miocene Stratigraphy of

California Revisited, AAPG, p. 237.
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ECOLOGY: Lagena sulcata is found commonly from Point Conception south (Culver and
Buzas, 1986). 

OCCURRENCE: Balcom Canyon

Lagena sulcata laevicosta Cushman and Gray 
Lagena sulcata (Walker and Jacob) laevicosta Cushman and Gray, 1946, Cushman Lab.

Foram. Res., Contr., v. 22, p. 68, figs. 8a-b. - - Martin, 1952, Cushman Lab.
Foram. Res., Contr., v. 3, p. 122, pi. 18, figs. 8a-b. 

OCCURRENCE: Balcom Canyon

Lagena vulgaris Williamson 
Lagena vulgaris Williamson, 1858, On the Recent Foraminifera of Great Britian, Ray

Society, p. 3, pi. 1, fig. 5, 5a. - - Martin, 1952, Cushman Lab. Foram. Res., Contr.,
v. 3, p. 122, pi. 18, figs. 9a-b. 

OCCURRENCE: Balcom Canyon

Lagena williamsoni (Alcock)
Entosolenia williamsoni Alcock, 1865, Proceed. Lit. Phil. Soc. Manchester, v. 4, p. 193. 
Lagena williamsoni (Alcock) - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p.

122, pi. 18, figs. lOa-b. 
OCCURRENCE: Balcom Canyon

Laticarinina pauperata (Parker and Jones) 
Pulvinulina repanda (Fitchell and Moll) var. menardii (d'Orbigny) subvar. pauperata Parker

and Jones, 1865, Roy. Soc. London, Philos. Trans., v. 155, p. 395, pi. 16, figs. 50,
51a,b. 

Laticarinina pauperata (Parker and Jones) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of
Calif., Los Angeles, pi. 20, fig. 4a,b. 

Laticarinina halophora (Stache) - - Haller, 1980, in The Miocene Stratigraphy of California
Revisited, AAPG, p. 255, pi. 10, fig.la,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Leibusella pliocenica (Natland) 
Leibusella pliocenica (Natland) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, p. 97, pi. 2, fig. 8, 9a,b. - - Haller, 1980, in The Miocene Stratigraphy of
California Revisited, AAPG, p. 231, pi. 1, fig. 8. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Lenticulina cushmani (Galloway and Wissler)
Robulus cushmani Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 51, pi. 8, fig. 11. 

Natland, 1952, unpub. Ph. D. Diss., Univ. of Calif. Los Angeles, pi. 3, fig. 7a,b. 
White, 1956, Jour. Paleo., v. 30, p. 247, pi. 27, fig. 8a,b.
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Lenticulina cushmani (Galloway and Wissler) - - McDougall, 1985, Initial Reports of the 
Deep Sea Drilling Project, v. 84, p. 395. - - Haller, 1980, m The Miocene 
Stratigraphy of California Revisited, AAPG, p. 233, pi. 3, fig.4a-b.

Robulus cf. cushmani (Galloway and Wissler) - - Natland, 1952, unpub. Ph.D. Diss., Univ. 
of Calif., Los Angeles, pi. 3, fig. 6a,b.

ECOLOGY: Although Blake (1976) considers this species to be a warm water species, 
Haller (1980) finds this species throughout the Humboldt Basin in the Pliocene.

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Lenticulina spp. 
COMMENTS: This designation includes specimens assigned to Lenticulina flexuosa of

Natland (1952) as well as specimens to poorly preserved to identify. 
OCCURRENCE: Baicom Canyon, Wheeler Canyon (Natland, 1952)

Loxostomum pseudobeyrichi (Cushman) 
Bolivina pseudobeyrichi Cushman, 1926, Contr., Cushman Lab. Foram. Res., v. 2, p. 45. - -

Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 11, fig.
7a,b. - - Haller, 1980, in The Miocene Stratigraphy of California Revisited, AAPG,
p. 248, pi. 8, fig. lla,b,c, 

ECOLOGY: Loxosiomum pseudobeyrichi is a dominant species in the lower slope
assemblage of the nearshore basins and the basin floor assemblage of the offshore
basins of the California continental borderland (Douglas and Heitman, 1979). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Martinottiella communis (d'Orbigny) 
Clavulina communis d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de Vienne

(Autriche) (Due fossilen Foramniferen des tertiaeren Beckens von Wien), Gide et
Comp., p. 196, pi. 12, figs. 1-2. 

Clavulina (Listerella) communis - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 2, fig. 10a,b. 

Martinottiella communis (d'Orbigny) - - Haller, 1980, in The Miocene Stratigraphy of
California Revisited, AAPG, p. 230, pi. 1, fig. 9. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Martinotiella pallida (Cushman) 
Clavulina communis pallida Cushman, 1927, Bull, Scripps Inst. Ocean., Tech. Ser., v. 1, p.

138, pi. 2, fig. 1. 
Clavulina (Listerella) pallida Cushman - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, pi. 2, fig, 11, 12a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Melonis barleeanus (Williamson) 
Nonionina barleeana Williamson, 1858, On Recent Foraminifera of Great Britian, Ray

Society, p. 32, pi. 3, figs. 68, 69. 
Nonion barleeanus (Williamson) - - Bandy, 1953, Jour. Paleo., v. 27, p. 177, pi. 21, fig. 8.
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Melonis barleeanus (Williamson) - - Finger, 1990, Cushman Lab. Foram. Res., Spec. Pub.,
no. 28, p. 166-167, plate-figs. 1-8. 

Nonion pacificum (Cushman) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 6, figs. 3a,b, 4, 5.

RANGErmiddle Miocene (Luisian) to Holocene (Finger, 1990) 
ECOLOGY: Melonis barleeanus is a cosmopolitan species ( Culver and Buzas, 1986).

The upper depth limit of Melonis barleeanus is transitional between the upper
middle bathyal to lower middle bathyal biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Melonis pompilioides (Fitchel and Moll) 
Nautilus pompilioides Fitchel and Moll, 1798, Testacea microscopica, aliaque minuta ex

generibus Argonauta et Nautilus, ad naturam picta et descripta, Wien, Camesina, p.
31, pi. 2, figs. a-c. 

Nonion pompilioides (Fitchel and Moll) - - Martin, 1952, Cushman Lab. Foram. Res.,
Contr., v. 3, p. 123, pi. 19, figs. 2a-b. - - Natland, 1952, unpub. Ph.D. Diss., Univ.
of Calif., Los Angeles, pi. 6, figs. 2a,b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 177,
pi. 21, fig. 12. - - White, 1956, Jour. Paleo., v. 30, p. 247, pi. 27, fig. 9a,b. - -
Haller, 1980, in The Miocene Stratigraphy of California Revisited, AAPG, p. 265,
pi. 16, fig. 5a,b. 

Melonis pompilioides (Fitchel and Moll) - - McDougall, 1985, Initial Reports of the Deep
Sea Drilling Project, v. 84, p. 396. - - Finger, 1990, Cushman Lab. Foram. Res.,
Spec. Pub., no. 28, p. 168-169, plate-figs. 1-8. 

RANGE: Oligocene to Holocene (Finger, 1990) 
ECOLOGY: The upper depth limit of Melonis pompilioides is in the lower bathyal

biofacies (Ingle, 1980; Ingle and Keller, 1980). 
OCCURRENCE: Balcom Canyon (cf.), Wheeler Canyon (Natland, 1952)

Miliammina fusca (Brady) 
Quinqueloculina fusca Brady in Brady and Robertson, 1870, Ann. Mag. Nat. Hist., ser. 4,

v. 6, p. 286, pi. 11, fig. 2. 
OCCURRENCE: Balcom Canyon

Nodosaria anomala Reuss 
Nodosaria (Nodosaria) anomala Reuss, 1866, K. Akad. Wiss., Wien, Math.-Naturw., CL,

Denkschr., Bd. 25, Abt. 1, p. 129, pi. 1, figs. 20-22. 
Nodosaria anomala Reuss - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p.

119, pi. 17, figs. 7a-b. 
Nodosaria (robusta) moniliformis Ehrenberg - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, p. 104, pi. 4, fig. la,b, 2, 3, and 4. 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Nodosaria hispida d'Orbigny
Nodosaria hispida d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de Vienne 

(Autriche) (Due fossilen Foramniferen des tertiaeren Beckens von Wien), Gide et 
Comp., p. 35, pi. 1, figs. 24-25.
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OCCURRENCE: Wheeler Canyon (Natland, 1952)

Nodosaria lamellata Cushman and Stainforth 
Nodosaria lamellata Cushman and Stainforth, 1945, Cushman Lab. Foram. Res., Spec. Pub.,

no. 14, p. 24.- - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project,
v. 84, p. 396. 

Nodosaria sp. (pliocenica var. hispida) Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,
Los Angeles, pi. 4, figs. 12a,b. 

Nodosaria tosta Schwager - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 4, figs. 16a,b. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Nodosaria longiscata d'Orbigny 
Nodosaria longiscata d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de Vienne

(Autriche) (Due fossilen Foramniferen des tertiaeren Beckens von Wien), Gide et
Comp., p. 32, pi. 1, figs. 10-12. - - Martin, 1952, Cushman Lab. Foram. Res.,
Contr., v. 3, p. 120, pi. 17, figs, lla-b. - - Kohl, 1985, Bull. American Paleo., v.
88, p. 43, pi. 6, fig. 3. - - McDougall, 1985, Initial Reports of the Deep Sea
Drilling Project, v. 84, p. 396. 

Nodosaria arundinea Schwager - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 4, fig. 13, 14, 15. - - Haller, 1980, in The Miocene Stratigraphy of
California Revisited, AAPG, p. 234. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Nodosaria spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Nodosaria tympaniplectriformis Schwager
Nodosaria tympaniplectriformis Schwager, 1866, Novara Exped., Geol. Theil, v. 2, p. 215, 

pi. 5, fig. 34. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, 
p. 105, pi. 4, fig. 10a,b. - - Haller, 1980, in The Miocene Stratigraphy of California 
Revisited, AAPG, p. 235, pi. 3, fig. 10.

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Nonion spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Nonionella auricula Heron-Alien and Earland 
Nonionella auricula Heron-Alien and Earland, 1930, Roy. Micr. Soc., Jour. ser. 3, v. 50, p.

192, pi. 5, figs. 68-70. 
OCCURRENCE: Balcom Canyon
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Nonionella basispinata (Cushman and Moyer)
Nonion pizarrense Berry basispinata Cushman and Moyer, 1930, Contr., Cushman 

Lab. Foram. Res., v. 6, p. 54, pi. 7, fig. 18. - - Natland, 1952, unpub. Ph.D. 
Diss., Univ. of Calif., Los Angeles, pi. 6, figs. 6 (also listed as Nonion 
auris).

Nonionella basispinata (Cushman and Moyer) - - Bandy, 1953, Jour. Paleo., v. 27, p. 177, 
pi. 21, fig. 9, 13. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling 
Project, v. 84, p. 396.

ECOLOGY: Nonionella basispinata is a cosmopolitan species (Culver and Buzas, 1986) 
which ranges from the Aluetian to the Panamanian provinces along the East Pacific 
margin (Buzas and Culver, 1991). Its upper depth limit is in the inner neritic 
biofacies (Ingle, 1980; Ingle and Keller, 1980). Nonionella basispinata is a 
dominant species in the outer shelf assemblages of the nearshore basins of the 
California continental borderland (Douglas and Heitman, 1979).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Nonionella costifera (Cushman) 
Nonionina costifera Cushman, 1926, Contr., Cushman Lab. Foram. Res., v. 2, p. 90, pi. 13,

figs. 2a-c. - - White, 1956, Jour. Paleo., v. 30, p. 247, pi. 27, fig. 10a,b,c. 
Pseudononion costiferum (Cushman) - - Finger, 1990, Cushman Lab. Foram. Res., Spec.

Pub., no. 28, p. 202-203, plate-figs. 1-9. 
RANGE: Oligocene to Holocene (Finger, 1990) 
ECOLOGY: The upper depth limit of Nonionella costifera is in the inner neritic biofacies

(Ingle, 1980). 
OCCURRENCE: Balcom Canyon

Nonionella grateloupii (d'Orbigny) 
Nonionina grateloupii d'Orbigny, 1839, Voyage dans 1'Amerique Meriodionale;

Foraminiferes, v. 5, p. 46, pi. 6, figs. 6-7. 
Nonion grateloupii (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 6, figs. la,b, 7 (listed as Nonion scaphum on checklist) 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Nonionella miocenica Cushman
Nonionella miocenica Cushman, 1926, p. 64. - - Haller, 1980, in The Miocene Stratigraphy 

of California Revisited, AAPG, p. 239, pi. 5, fig. 4a-c. - - Finger, 1990, Cushman 
Lab. Foram. Res., Spec. Pub., no. 28, p. 182-183, plate-figs. 1-8.

RANGE: Oligocene to Holocene (Finger, 1990)
ECOLOGY: The upper depth limit of Nonionella miocenica is in the inner neritic 

biofacies (Ingle, 1980).
OCCURRENCE: Balcom Canyon

Nonionella spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon
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Nonionella stella Cushman and Moyer
Nonionella miocenica Cushman stella Cushman and Moyer, 1930, Contr., Cushman Lab. 

Foram. Res., v. 6, p. 56, pi. 7, fig. 17. - - Natland, 1952, unpub. Ph.D. Diss., Univ. 
of Calif., Los Angeles, pi. 6. figs. 10a,b,c.

Nonionella stella Cushman and Moyer - - Bandy, 1953, Jour. Paleo., v. 27, p. 177, pi. 22, 
fig. 2. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, 
p. 396.

ECOLOGY: Nonionella stella is a cosmopolitan species (Culver and Buzas, 1986; Buzas 
and Culver, 1991). Its upper depth limit is in the inner neritic biofacies (Ingle, 
1980; Ingle and Keller, 1980). Nonionella stella is a dominant species in the outer 
shelf assemblages of the nearshore basins of the California continental borderland 
(Douglas and Heitman, 1979). Ingle and Keller (1981) associate this species with 
the shallow oxygen minimum zone.

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Oolina melo d'Orbigny 
Oolina melo d'Orbigny, 1839, Voyage dans 1'Amerique Meriodionale; Foraminiferes, v. 5,

pt. 5, p. 20, pi. 5, fig. 9. - - Kohl, 1985, Bull. American Paleo., v. 88, p. 58, pi.
16, fig. 5. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v.
84, p. 396. 

Lagena melo (d'Orbigny) - - Haller, 1980, in The Miocene Stratigraphy of California
Revisited, AAPG, p. 236, pi. 4, fig. 11.

ECOLOGY: Oolina melo is a cosmopolitan species (Culver and Buzas, 1986). 
OCCURRENCE: Balcom Canyon

Oridorsalis multiseptus (Koch) 
Pulvinulina umbonata (Reuss) multiseptus Koch, 1926, Eclogae Geol. Helv., v. 19, p. 749,

tf. 25. 
Oridorsalis multiseptus (Koch) - - McDougall, 1985, Initial Reports of the Deep Sea

Drilling Project, v. 84, p. 396. 
OCCURRENCE: Balcom Canyon

Oridorsalis subtenera (Galloway and Wissler)
Rotalia subtenera Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 60, pi. 10, fig. 4. 
Eponides subtenera (Galloway and Wissler) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, p. 142, pi. 14, fig. 3a, b, c. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Oridorsalis umbonatus (Reuss)
Rotalia umbonata Reuss, 1851, Deut. Geol. Gesel., Zeit., v. 3, p. 75, pi. 5, fig. 35. 
Eponides umbonatus (Reuss) - - Phleger and Parker, 1951, Geol. Soc. Amer., Memoirs, v.

46, p. 22, pi. 11, figs. lOa, b, 13a, b, 14a, b.
Oridorsalis umbonatus (Reuss) - - Haller, 1980, in The Miocene Stratigraphy of California 

Revisited, AAPG, p. 257, pi. 11, fig. 3a,b,c.- - Kohl, 1985, Bull. American Paleo., 
v. 88, p. 95, pi. 33, fig. 6; pi. 34, figs. 1-2. - - McDougall, 1985, Initial Reports of
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the Deep Sea Drilling Project, v. 84, p. 396, pl.6, fig. 11. - - Finger, 1990, 
Cushman Lab. Foram. Res., Spec. Pub., no. 28, p. 182-183, plate-figs. 1-9.

Eponides tenera (Reuss) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los 
Angeles, pi. 14, fig. 4a,b,c.

COMMENTS: Haller places Pulvinulina umbonata Reuss of Natland (1952) in synonomy 
but gives figure and plate for E. tenera.

RANGE: Tertiary
ECOLOGY: The upper depth limit of Oridosalis umbonatus is in the upper middle bathyal 

biofacies (Ingle, 1980). Oridorsalis umbonatus is associated with the Antarctic 
bottom Water, Pacific Deep Water, and North Atlantic Deep Water and indicates 
higher oxygen values and upwelling (Lohmann, 1978; Schnitker, 1980; Corliss, 
1983).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Orthomorphina rohri (Cushman and Stainforth) 
Nodogenerina rohri Cushman and Stainforth, 1945, Cushman Lab. Foram. Res., Spec. Pub.,

no. 14, p. 39, pi. 5, fig. 26. 
Orthomorphina rohri (Cushman and Stainforth) - - McDougall, 1985, Initial Reports of the

Deep Sea Drilling Project, v. 84, p. 396. 
OCCURRENCE: Balcom Canyon (aff.)

Orthomorphina spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Parafissurina spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Planulina ariminensis d'Orbigny 
Planulina ariminensis d'Orbigny, 1826, Ann. Sci. Nat., ser. 1, v. 7, p. 280, pi. 14, figs. 1-

3. - - Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 66, pi. 11, fig. 2. - -
Haller, 1980, in The Miocene Stratigraphy of California Revisited, AAPG, p. 265,
pi. 16, fig. 7a,b,c. 

Planulina cf. ariminensis d'Orbigny - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,
Los Angeles, pi. 19, fig. 14a,b. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Planulina exorna Phleger and Parker 
Planulina exorna Phleger and Parker. 1951, Geol. Soc. Amer., Memoirs, v. 46, p. 32, pi.

18, figs. 5-7. 
OCCURRENCE: Balccm Canyon
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Planulina ornata (d'Orbigny) 
Truncatulina ornata d'Orbigny, 1839, Voyage dans 1'Amerique Meriodionale; Foraminiferes,

v. 5, pt. 5, p. 40, pi. 6, figs. 7, 9. 
Planulina ornata (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 20, fig. 2a,b, 3. - - Bandy, 1953, Jour. Paleo., v. 27, p. 177, pi. 24, fig.
4. - - White, 1956, Jour. Paleo., v. 30, p. 250, pi. 28, fig. 7a,b,c. 

ECOLOGY: Planulina omata is a cosmopolitan species (Culver and Buzas, 1986) which
ranges from the Oregonian to the Panamanian province along the East Pacific
margin (Buzas and Culver, 1991). Its upper depth limit is in the outer neritic
biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Plectofrondicularia advena (Cushman) 
Frondicularia advena Cushman, 1923, p. 141, pi. 20. figs. 1-2. - - Galloway and Wissler,

1927, Jour. Paleo., v. 1, pi. 47, pi. 8, figs. 7, 8. - - Natland, 1952, unpub. Ph.D.
Diss., Univ. of Calif., Los Angeles, pi. 5, figs. 2a,b, 3. - - Martin, 1952, Cushman
Lab. Foram. Res., Contr., v. 3, p. 117, pi. 17, figs. 2a-b. 

Plectofrondicularia advena (Cushman) - - White, 1956, Jour. Paleo., v. 30, p. 252, pi. 30,
fig. 2a,b. - - Kohl, 1985, Bull. American Paleo., v. 88, p. 45, pi. 9, figs. 8, 9. - -
McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p. 397.- -
Haller, 1980, in The Miocene Stratigraphy of California Revisited, AAPG, p. 242,
pi. 6, fig. 6. 

Proxifrons advena (Cushman)- - Finger, 1990, Cushman Lab. Foram. Res., Spec. Pub., no.
28, p. 200-201, plate-figs. 1-7. 

RANGE: Miocene to Holocene (Finger, 1990) 
ECOLOGY: The upper depth limit of Plectofrondicularia advena is in the lower middle

bathyal biofacies (Cushrnan, 1922; Ingle in Finger, 1990). 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Plectofrondicularia californica Cushman and Stewart
Plectofrondicularia californica Cushman and Stewart, 1926, p. 39, pi. 6, figs. 9-11. - - 

Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 7, figs. 8, 9, 
10, 11. - - Haller, 1980, in The Miocene Stratigraphy of California Revisited, 
AAPG, p. 243, pi. 6, fig. 9. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Plectofrondicularia miocenica Cushman 
Plectofrondicularia miocenica Cushman, 1926, Contr. Cushman Lab. Foram. Res., v. 2, p.

58, pi. 7, figs. 10, 11; pi. 8, figs. 11, 12. - - Haller, 1980, in The Miocene
Stratigraphy of California Revisited, AAPG, p. 243, pi. 6, fig. 8. 

Parafrondicularia mioceneica (Cushman) - - Finger, 1990, Cushman Lab. Foram. Res.,
Spec. Pub., no. 28, p. 188-189, plate-figs. 1-11. 

RANGE: Oligocene to Pliocene (Finger, 1990) 
ECOLOGY; The upper depth limit of Plectofrondicularia miocenica is in the lower middle

bathyal biofacies (Ingle in Finger, 1990). 
OCCURRENCE: Balcom Canyon
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Plectofrondicularia spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Praeglobobulimina affinis (d'Orbigny)
Bulimina affinis d'Orbigny, 1839, Voyages dans 1'Amerique Meriodionale; Foraminiferes, v. 

5, p. 105, pi. 2, figs. 25, 26. - - Phleger and Parker, 1951, Geol. Soc. Amer., 
Memoirs, v. 46, p. 15, pi. 7, figs. 21-22. - - White, 1956, Jour. Paleo., v. 30, p. 
253, pi. 30, fig. 4a,b.

Globobulimina affinis (d'Orbigny) - - Haller, 1980, in The Miocene Stratigraphy of 
California Revisited, AAPG, p. 246, pi. 7, fig. 6a-b.

Praeglobobulimina affinis (d'Orbigny) - - McDougall, 1985, Initial Reports of the Deep Sea 
Drilling Project, v. 84, p. 397, pi. 4, figs. 3-4.

ECOLOGY: Although rare occurrences of Praeglobobulimina affinis are reported off San 
Francisco, it is most common south of Point Conception (Culver and Buzas, 1986). 
Praeglobobulimina affinis is thought to range from the Oregonian to the Panamanian 
provinces along the East Pacific margin (Buzas and Culver, 1991). Its upper depth 
limit is in the upper middle bathyal biofacies (Ingle, 1980). Praeglobobulimina 
affinis is a common species in the basin floor assemblages of the nearshore basins 
of the California continental borderland (Douglas and Heitman, 1979).

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Praeglobobulimina auriculata (Bailey) 
Bulimina auriculata Bailey, 1851, Smithsonian Contr. to Knowledge, v. 2, p. 12, figs. 25-

27. 
Globobulimina auriculata (Bailey) - - Haller, 1980, in The Miocene Stratigraphy of

California Revisited, AAPG, p. 246, pi. 7, fig. 7a-b. 
Praeglobobulimina auriculata (Bailey) - - McDougall, 1985, Initial Reports of the Deep

Sea Drilling Project, v. 84, p. 397. 
ECOLOGY: Praeglobobulimina auriculata is a most common in the California borderland

(Culver and Buzas, 1986). 
OCCURRENCE: Balcom Canyon

Praeglobobulimina ovata (d'Orbigny) 
Bulimina ovata d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de Vienne

(Autriche) (Due fossilen Foramniferen des tertiaeren Beckens von Wien), Gide et
Comp., p. 185, pi. 11, figs. 13-14. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Praeglobobulimina ovula (d'Orbigny) 
Bulimina ovula d'Orbigny, 1839, Voyage dans 1'Amerique Meriodionale; Foraminiferes, v.

5, pt. 5, p. 51, pi. 1, figs. 10, 11. 
Bulimina (Desinobulimina) ovula d'Orbigny - - Natland, 1952, unpub. Ph.D. Diss., Univ. of

Calif., Los Angeles, pi. 9, figs. 2a,b, 4.
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OCCURRENCE: Wheeler Canyon (Natland, 1952)

Praeglobobulimina pupoides 
Bulimina pupoides d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de Vienne

(Autriche) (Due fossilen Foramniferen des tertiaeren Beckens von Wien), Gide et
Comp., pi. 11, fig. 11-12. 

OCCURRENCE: Balcom Canyon

Pullenia bulloides (d'Orbigny) 
Nonionina bulloides d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de Vienne

(Autriche) (Due fossilen Foramniferen des tertiaeren Beckens von Wien), Gide et
Comp., p. 107, pi. 5, figs. 9, 10. 

Pullenia bulloides (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 19, fig. 4a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Pullenia miocenica Kleinpell 
Pullenia miocenica Kleinpell, 1938, Miocene Stratigraphy of California, AAPG, p. 338, pi.

14, fig. 6. - - Finger, 1990, Cushman Lab. Foram. Res., Spec. Pub., no. 28, p. 214-
215, plate-figs. 1-8.

RANGE: Oligocene to Miocene (Finger, 1990) 
ECOLOGY: The upper depth limit of Pullenia miocenica is transitional between upper

middle bathyal and lower middle bathyal biofacies (Ingle, 1980). 
OCCURRENCE: Balcom Canyon

Pullenia quinqueloba (Reuss)
Nonionina quinqueloba Reuss, 1851, Deut. Geol. Gesel., Zeit., v. 3, p. 71, pi. 5, fig. 31. 
Pullenia quinqueloba (Reuss) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 19, fig. 8a,b. 
Pullenia subcarinata (d'Orbigny) - - Haller, 1980, in The Miocene Stratigraphy of

California Revisited, AAPG, p. 262, pi. 14, fig. 5a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Pullenia salisburyi Stewart and Stewart
Pullenia salisburyi Stewart and Stewart, 1930, Jour. Paleo., v. 4, p. 72, pi. 8, fig. 2. - - 

Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 19, fig. 
7a,b. - - Kohl, 1985, Bull. American Paieo., v. 88, p. 93, pi. 32, fig. 7. - - 
McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p. 397.

COMMENTS: Restricted to specimens with 6 or more chambers and a compressed test.
ECOLOGY: Pullenia salisburyi is found in the Aluetian, Californian and Panamanian 

provinces (Buzas and Culver, 1991). Pullenia salisburyi is common in the 
California borderland and is frequently found in the bank assemblages of the 
nearshore basins (Culver and Buzas, 1986; Douglas and Heitman, 1979). Ingle 
(1980) cites the upper depth limit of this species as outer neritic biofacies whereas
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Smith (1964) considers the upper depth limit to be in the upper bathyal biofacies. 
The deeper limit was used in this study. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Pullenia subcarinata d'Orbigny 
Pullenia subcarinata d'Orbigny, 1839, Voyage dans 1'Amerique Meriodionale;

Foraminiferes, v. 5, pt. 5, p. 28, pi. 5, figs. 23-24. 
OCCURRENCE: Balcom Canyon

Pullenia spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Pyrgo rotalaria Loeblich and Tappan 
Pyrgo rotalaria Loeblich and Tappan, 1953, Smithsonian Misc. Coll., v. 121, p. 47, pi. 6,

figs. 5-6. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v.
84, p. 397. 

OCCURRENCE: Balcom Canyon

Pyrgo spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Quinqueloculina akneriana d'Orbigny
Quinqueloculina akneriana d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de 

Vienne (Autriche) (Due fossilen Foramniferen des tertiaeren Beckens von Wien), 
Gide et Comp., p. 290, pi. 18, figs. 16-21. - - Natland, 1952, unpub. Ph.D. Diss., 
Univ. of Calif., Los Angeles, pi. 3, fig. 3a,b,c. - - Haller, 1980, in The Miocene 
Stratigraphy of California Revisited, AAPG, p. 231, pi. 2, fig. 8.

ECOLOGY: The upper depth limit of Quinqueloculina akneriana is in the inner neritic 
biofacies (Ingle, 1980)

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Quinqueloculina laevigata d'Orbigny 
Quinqueloculina laevigata d'Orbigny, 1839, Histoire naturelle des lies Canaries, v. 2, pt. 2,

p. 145, pi. 3, figs. 31-33. 
ECOLOGY: Quinqueloculina laevigata is a common in the outer shelf assemblages of the

nearshore basins (Douglas and Heitman, 1979). 
OCCURRENCE: Balcom Canyon

Quinqueloculina seminulum (Linne) 
Serpula seminulum Linne, 1758, Systema Naturae, p. 786.
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OCCURRENCE: Wheeler Canyon (Natland, 1952)

Quinqueloculina spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Reusella sp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Rhabdammina spp. 
COMMENTS: Specimens are too poorly preserved to identify but are probably R.

eocenica. 
OCCURRENCE: Balcom Canyon

Rosalina columbiensis (Cushman) 
Discorbis columbiensis Cushman, 1925, Contr. Cushman Lab. Foram. Res., v. 1, p. 43, pi.

6, fig. 13. 
Rosalina columbiensis (Cushman) - - McDougall, 1985, Initial Reports of the Deep Sea

Drilling Project, v. 84, p. 398, pi. 5, fig. 1, 
ECOLOGY: Rosalina columbiensis is a cosmopolitan species (Culver and Buzas, 1986)

which is dominant in the inner neritic biofacies (Ingle and Keller, 1980) and in the
bank assemblages of the offshore basins of the California continental borderland
(Douglas and Heitman, 1979). 

OCCURRENCE: Balcom Canyon (cf.)

Rosalina spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Rotalia garveyensis Natland 
Rotalia garveyensis Natland, 1938, Bull., Scripps Inst. Ocean., Tech. Ser., v. 4, p. 147. pi.

6, fig. 6. 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Rotalia spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Rotorbinella lomaensis (Bandy) 
Rotalia lomaensis Bandy, 1953, Jour. Paleo., v. 27, p. 179, pi. 22, fig. 6.
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ECOLOGY: Rotorbinella lomaensis (= Discorbis lomaensis} is a cosmopolitan species 
which ranges from the Orgonian to Californian provinces along the East Pacific 
margin (Culver and Buzas, 1986; Buzas and Culver, 1991).

OCCURRENCE: Balcom Canyon

Rotorbinella versiformis (Bandy)
Rotalia versiformis Bandy, 1953, Jour. Paleo., v. 27, p. 179, pi. 22, fig. 5. 
Discorbis rosaceus (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 13, fig. 8a,b,c. 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Saccammina spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Sigmoilina tenuis (Czjzek) 
Quinqueloculina tenuis Czjzek, 1848, Haidinger's Nat. Wiss., Abh. 2, p. 149, pi. 13, figs.

31-34. 
Sigmoilina tenuis (Czjzek) - - Phleger and Parker, 1951, Geol. Soc. Amer., Memoirs, v. 46,

p. 8, pi. 4, fig. 7. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 3, fig. 4a,b. - - Haller, 1980, in The Miocene Stratigraphy of California
Revisited, AAPG, p. 232, pi. 2, figs. 9a,b. - - Kohl, 1985, Bull. American Paleo., v.
88, p. 36, pi. 5, fig. 5. - - McDougall, 1985, Initial Reports of the Deep Sea
Drilling Project, v. 84, p. 398, pi. 1, fig. 7. 

ECOLOGY: The upper depth limit of Sigmoilina tenuis is in the upper middle bathyal
biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Sigmoilina torta (Galloway and Wissler)
Polymorphina torta Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 55, pi. 9, fig. 5. 
OCCURRENCE: Balcom Canyon

ISiphogenerina spp. 
Nodosaria raphanistrum (Linne) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, p. 104, pi. 4, fig. 5, 6a,b, 7. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Siphonodosaria verneuili (d'Orbigny) 
Dentalina verneuili d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de Vienne

(Autriche) (Due fossilen Forarnniferen des tertiaeren Beckens von Wien), Gide et
Comp., p. 48, pi. 2, figs. 7, 8. 

Ellipsonodosaria verneuili (d'Orbigny) - - Cushman and Stainforth, 1945, p. 54, pi. 9, fig.
11. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 13, figs.
la,b, 2, 3, 4a,b.
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OCCURRENCE: Wheeler Canyon (Natland, 1952)

Siphotextularia flintii (Cushman) 
Textularia flintii Cushman, 1911, U.S. Nat. Hist. Museum Bull, v. 74, p. 21, figs. 36a-

b. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 2, fig.
la,b. 

Siphotextularia flintii (Cushman) - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3,
p. 117, pi. 17, figs., la-c. - - White, 1956, Jour. Paleo., v. 30, p. 256, pi. 27, fig.
la,b.

RANGE: Repettian, Pliocene (Natland, 1952) 
OCCURRENCE: Balcom Canyon

Sphaeroidina bulloides d'Orbigny 
Sphaeroidina bulloides d'Orbigny, 1826, Ann. Sci. Nat., sen, 1, v. 7, p. 267, modeles no.

65. - - Natiand, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 19, fig.
9. - - Kohl, 1985, Bull. American Paleo., v. 88, p. 59, pi. 14, fig. 6. - - McDougall,
1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p. 398, pi. 3, fig. 

ECOLOGY: The upper depth limit of Sphaeroidina bulloides is in the upper middle
bathyal biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

-Sphaeroidina spp. 
COMMENTS: This group includes specimens identified as S. cylindroides of Natland

(1952). 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Spiroplectammina sp.
COMMENTS: Specimens can not be identified to species. 
OCCURRENCE: Balcom Canyon

Stainforthia concava (Hoeglund) 
Virgulina concava Hoeglund, 1947, Uppsala Univ., Zool, Bidrag, Uppsala, v. 26, p. 257, pi.

23, figs. 3a,b, 4a,b. 
OCCURRENCE: Balcom Canyon

Stilostomella adolphina (d'Orbigny) 
Dentalina adolphina d'Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire de Vienne

(Autriche) (Due fossilen Foramniferen des tertiaeren Beckens von Wien), Gide et
Comp., p. 51. 

Stilostomella adolphina (d'Orbigny) - - McDougall, 1985, Initial Reports of the Deep Sea
Drilling Project, v. 84, p. 398. 

ECOLOGY: The upper depth limit of Stilostomella adolphinu is in the lower middle
bathyal biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon
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Stilostomella advena (Cushman and Laiming) 
Nodogenerina advena Cushman and Laiming, 1931, Jour. Paleo., v. 5, p. 106, pi. 11, fig.

19. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 8, fig.
2a,b. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Stilostomella lepidula (Schwager) 
Nodosaria lepidula Schwager, 1866, Novara Exped., Geol. Theil, v. 2, p. 210, pi. 5, figs.

27-28. 
Nodogenerina lepidula (Schwager) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,

Los Angeles, pi. 8, fig. 5a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Stilostomella spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Suggrunda eckisi Natland 
Suggrunda eckisi Natland, 1950, in Anderson, 1950, Geol. Soc. Amer. Memoir, no. 43, p.

23, pi. 9, fig. 12. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 11, fig. 6a,b. 

ECOLOGY: Suggrunda eckisi is a dominant species in the upper slope assemblages of the
nearshore basins of the California continental borderland (Douglas and Heitman,
1979). Also common in the upper bathyal, shallow oxygen minimum zone (Ingle
and Keller, 1980). 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Suggrunda spp.
COMMENTS: Specimen is too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon

Textularia spp. 
COMMENTS: This designation includes specimens assigned to Textularia crassisepta amd

Textularia cf. T. abbreviata d'Orbigny by Natland (1952, pi. 2, fig. 2a, b). 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Trifarina angulosa (Williamson) 
Uvigerina angulosa Williamson, 1858, On the Recent Foraminifera of Great Britian, Ray

Society, p. 67, pi. 5, fig. 140. 
Angulogerina angulosa (Williamson) - - Bandy, 1953, Jour. Paleo., v. 27, p. 176, pi. 25,

fig. 13. - - Matoba and Yamaguchi, 1982, Initial Reports of the Deep sea Drilling
Project, v. 64, p. 1036.
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ECOLOGY: Trifarina angulosa is a cosmopolitan species (Buzas and Culver, 1991). Its 
upper depth limit is transitional between the outer neritic and upper bathyal 
biofacies (Ingle, 1980). Trifarina angulosa is a dominant species in the bank 
assemblages of the nearshore basins of the California continental borderland 
(Douglas and Heitman, 1979).

OCCURRENCE: Balcom Canyon

Trifarina carinata Cushman 
Trifarina carinata Cushman, 1927, Bull., Scripps Inst. Ocean., Tech. Ser., v. 1, p. 159, pi.

4, fig. 3. 
Angulogerina carinata Cushman - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 12, fig. 10a,b.- - Matoba and Yamaguchi, 1982, Initial Reports of the
Deep Sea Drilling Project, v. 64, p. 1036. 

ECOLOGY: The upper depth limit of Trifarina carinata is transitional between the outer
neritic and upper bathyal biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Trifarina hughesi (Galloway and Wissler)
Uvigerina hughesi Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 76, pi. 12, fig. 5. 
Angulogerina hughesi (Galloway and Wissler) - - Bandy, 1953, Jour. Paleo., v. 27, p.

176. - - White, 1956, Jour. Paleo., v. 30, p. 260, pi. 32, fig. 10a,b. 
ECOLOGY: Trifarina hughesi ranges from the Oregonian to Californian provinces (Buzas

and Culver, 1991). 
OCCURRENCE: Balcom Canyon

Trifarina occidentalis (Cushman)
Uvigerina occidentalis Cushman, 1923, U.S. Nat. Mus., Bull. no. 104, p. 169. 
Angulogerina occidentalis (Cushman) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,

Los Angeles, pi. 12, fig. lla,b 
ECOLOGY: The upper depth limit of Trifarina occidentalis is transitional between the

outer neritic and upper bathyal biofacies (Ingle, 1980). 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Triloculina spp. 
COMMENTS: This designation includes specimens assigned to Triloculina triserialis by

Natland (1952) as well as specimens to poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Uvigerina auberiana d'Orbigny 
Uvigerina auberiana d'Orbigny, 1839, Voyage dans 1'Amerique Meridionale; Foraminiferes,

v. 5, p. 106, pi. 2, figs. 23-24. 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)
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Uvigerina baggl Galloway and Wissler
Uvigerina baggi Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 75, pi. 11, fig. 19. 
Angulogerina baggi (Galloway and Wissler) - - Bandy, 1953, Jour. Paleo., v. 27, p. 176. 
ECOLOGY: The upper depth limit of Uvigerina baggi is transitional between the outer

neritic and upper bathyal biofacies (Ingle, 1980) 
OCCURRENCE: Balcom Canyon

Uvigerina curticosta (Cushman)
Uvigerina pigmea d'Orbigny curticosta Cushman, 1927, Bull, Scripps Inst. Ocean., Tech. 

Ser., v. 1, p. 157, pi. 4, fig. 1.
Uvigerina peregrina curticosta (Cushman) - - Matoba and Yamaguchi, 1982, p. 1049, pi. 2, 

figs. 10-12.
ECOLOGY: Uvigerina curticosta is a dominant species in the group II, lower slope 

assemblages of both the nearshore and offshore basins of the California continental 
borderland (Douglas and Heitman, 1979). Abundant populations of Uvigerina 
curticosta are found in environments where oxygen levels are low but not dyserobic 
and organic content is high (Douglas, 1981).

OCCURRENCE: Balcom Canyon

Uvigerina excellens Todd
Uvigerina excellens Todd in Cushman and McCulloch, 1948, Allan Hancock Pacific 

Expeditions, v. 6, p. 258, pi. 33, fig. 2a-e. - - Matoba and Yamaguchi, 1982, Initial 
Reports of the Deep Sea Drilling Project, v. 64, p. 1049, pi. 2, fig. 9.

Uvigerina attenuata Coryell and Mossman - - Natland, 1952, unpub. Ph.D. Diss., Univ. of 
Calif., Los Angeles, pi. 11, fig. 13a,b (listed as U. microcostata on checklist).

COMMENTS: "This species differs from U. peregrina Cushman var. curticosta Cushman 
and var. dirupta Todd in its lower, more regular and much more numerous costae, 
and its more elongate shape."

Although Uvigerina peregrina is described as having 10 chambers per whorl 
(Cushman, 1923), Boersma (1984) typically finds 6-8 costae per whorl. This 
number is less than found on Uvigerina excellens, which is described as having 30 
costae about the circumference of the test (Todd in Cushman and McCulloch, 1948). 
Boersma (1984) however considers U. excellens to be the Pacific form of U. 
peregrina and to be more elongate and have more numerous low costae.

ECOLOGY: In the California borderland, Uvigerina excellens is abundant when oxygen 
values are between 1.0 and 2.5 ml/1 and organic carbon is 1-2 % of the total 
sediment. (Douglas, 1981). Uvigerina excellens is a dominant species in the upper 
slope assemblages of the nearshore basins of the California continental borderland 
(Douglas and Heitman, 1979).

OCCURRENCE: Wheeler Canyon (Natland, 1952)

Uvigerina hispida Schwager
Uvigerina hispida Schwager, 1866, Novara Expedition, Geol. Theil, v. 2, p. 249, pi. 7, fig. 

95. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 12, fig. 
2a,b. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 136, pi. 25, figs, 
la-b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 177. - - White, 1.956, Jour. Paleo., v. 
30, p. 258, pi. 32, fig. 2a,b. - - Haller, 1980, in The Miocene Stratigraphy of
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California Revisited, AAPG, p. 249, pi. 8, fig. 1. - - Boersma, 1984, p. 74-76, figs.
1-4. - - Kohl, 1985, Bull. American Paleo., v. 88, p. 73, pi. 24, fig. 4. 

RANGE: middle Miocene to Recent (Boersma, 1984) 
ECOLOGY: Along the East Pacific margin, the upper depth limit of Uvigerina hispida is

in the upper middle bathyal biofacies, although it is most frequently associated with
the lower middle bathyal biofacies (Ingle, 1980; Ingle and Keller, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Uvigerina hispidocostata Cushman and Todd
Uvigerina hidspidocostata Cushman and Todd, 1945, Cushman LAb. Foram. REs., Spec. 

Pub., no. 15, p. 51, pi. 7, figs. 27, 31. - - Phleger and Parker, 1951, Geol. Soc. 
Amer., Memoirs, v. 46, p. 18, pi. 8, figs. 17-21, 23. - - Martin, 1952, Cushman 
Lab. Foram. Res., Contr., v. 3, p. 136, pi. 25, figs. 2a-b. - - White, 1956, Jour. 
Paleo., v. 30, p. 258, pi. 32, fig. 3a,b. - - Boersma, 1984, p. 77-81, figs. 1-4. - - 
McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p. 399.

COMMENTS: The presence of U. hispidocostata may reflect an increase in organic 
carbon related to Miocene glaciation (Woodruff, 1985).

RANGE: Miocene (N12) to Recent (Boersma, 1984)
ECOLOGY: The upper depth limit of Uvigerina hispidocostata is in the upper middle 

bathyal biofacies (Ingle, 1980). Uvigerina hispidocostata is common in areas of 
high surface productivity with cold, nutrient rich, oxygen depleted waters such as 
the North Atlantic Deep Water at depths of 600-4000 m (Boersma, 1984).

OCCURRENCE: Balcom Canyon

Uvigerina hootsi Rankin
Uvigerina hootsi Rankin, 1934, in Cushman and Kleinpell, 1934, Contr. Cushman Lab. 

Foram. Res., v. 10, p. 22, pi. 3, figs. 8-9. - - Natland, 1952, unpub. Ph.D. Diss., 
Univ. of Calif., Los Angeles, pi. 11, figs. 8, 9. - - Martin, 1952, Cushman Lab. 
Foram. Res., Contr., v, 3, p. 137, pi. 25, figs. 3a-b. - - White, 1956, Jour. Paleo., v. 
30, p. 258, pi. 32, fig. 5a,b. - - Haller, 1980, in The Miocene Stratigraphy of 
California Revisited, AAPG, p. 249, pi. 8, fig. 12a,b. - - Finger, 1990, Cushman 
Lab. Foram. Res., Spec. Pub., no. 28, p. 240-241, plate-figs. 1-8.

RANGE: Miocene to Holocene (Finger, 1990); Mohnian to Delmontian (Kleinpell, 1938)
ECOLOGY: The upper depth limit Uvigerina hootsi is in the upper middle bathyal 

biofacies (Ingle, 1980).
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Uvigerina juncea Cushman and Todd
Uvigerina juncea Cushman and Todd, 1941, Cushman Lab. Foram. Res., Contr., v. 17, p. 

78, pi. 20, figs. 4-11. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los 
Angeles, pi. 11, fig. lla,b, 12a,b (listed as U. tenuistriata on checklist chart). - - 
Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 137, pi. 25, figs. 4a-b.

COMMENTS: costae are narrow, low and seem to be widely spaced although there are 
10 costae per chamber.

ECOLOGY: The upper depth limit of Uvigerina juncea is transitional between the outer 
neritic and upper bathyal biofacies (Ingle, 1980). Uvigerina juncea is a dominant 
species in the upper shelf assemblages of the nearshore basins of the California
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continental borderland (Douglas and Heitman, 1979). Abundant Uvigerina juncea 
occur at low oxygen values of 1.0 to 2.0 ml/1; the highest abundances occur when 
the oxygen content is about 1.0 ml/1 (Douglas, 1981). This species tends to prefer 
organic carbon values of + 1 % of the total sediment (Douglas, 1981). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Uvigerina peregrina Cushman 
Uvigerina peregrina Cushman, 1923, p. 166, pi. 42, figs. 7-10. - - Phleger and Parker,

1951. Geol. Soc. Amer., Memoirs, v. 46, p. 18, pi. 8, figs. 22, 24-26. - - Natland,
1952. unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi. 11, fig. 14a,b, 15, 
16. - - Martin, 1952, Cushman Lab. Foram. Res., Contr., v. 3, p. 137, pi. 25, figs. 
7a-b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 177, pi. 25, fig. 10. - - White, 1956, 
Jour. Paleo., v. 30, p. 259, pi. 32, fig. 7a,b. - - Haller, 1980, in The Miocene 
Stratigraphy of California Revisited, AAPG, p. 250. - - Kohl, 1985, Bull. American 
Paleo., v. 88, p. 73, pi. 24, fig. 7. - - McDougall, 1985, Initial Reports of the Deep 
Sea Drilling Project, v. 84, p. 399. - - Finger, 1990, Cushman Lab. Foram. Res., 
Spec. Pub., no. 28, p. 242-243, plate-figs. 1-8. 

RANGE: Uvigerina peregrina evolved in the Pliocene and ranges from the middle
Pliocene, Gauss (+ 3 Ma) to the Recent (Boersma, 1984).

ECOLOGY: The upper depth limit of Uvigerina peregrina is given as in the upper bathyal 
biofacies (Ingle, 1980). The upper depth limit of this species has, however, been 
noted at a variety of depths along the East Pacific Margin (Smith, 1964; Ingle and 
Keller, 1980).

The abundance of Uvigerina is usually related to low oxygen and high 
organic carbon (Streeter and Schacklton, 1979; Miller and Lohman, 1981; Douglas, 
1981). In the California borderland, abundant Uvigerina peregrina curticosta are 
found in environments with low oxygen values (< 1.0 ml/1, not dyserobic) and 
sediments rich in organic matter (Douglas, 1981). The optimal environment for the 
Uvigerina peregrina floods found in the Plio-Pleistocene sediments of the Los 
Angeles and Ventura Basins is believed to be near the boundary of the oxygen 
minimum zone where the oxygen content is reduced and the input of organic matter 
is high.

Uvigerina peregrina and variants are most abundant during the Pleistocene 
glacials and tend to disappear during the interglacials which are associated with 
lower surface productivity decreased carbonate sedimentation and increased oxygen 
(Boersma, 1984).

High abundances of Uvigerina peregrina and Globocassidulina subglobosa 
are associated with the Circumpolar Deep Water in South Atlantic (Gofas, 1978; 
Lohmann, 1978; Schnitker, 1980). Uvigerina spp. and E. exiqua dominate the 
Indian Bottom Water (Corliss, 1979a; Schnitker, 1980). In the North Atlantic, 
Uvigerina peregrina appears to inhabit "old" oxygen-deficient glacial AABW.

"Floods" of Uvigerina peregrina found in the Pliocene and Pleistocene of the 
Ventura and Los Angeles Basins may indicate an optimal environment for this 
species, which based on modern distributions is near the boundaries of the oxygen 
minimum zone where there is high input of organic detritus and a reduced but not 
minimum level of oxygen (Douglas, 1981). Note that Douglas (1981) uses 
Uvigerina peregrina curticosta in most figures not Uvigerina peregrina.
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Uvigerina peregrina is a dominant species in the group II, lower slope 
assemblages of both the nearshore and offshore basins of the California continental 
borderland (Douglas and Heitman, 1979). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Uvigerina peregrina dirupta Todd 
Uvigerina peregrina dirupta Todd in Cushman and McCulloch, 1948, Allan Hancock

Pacific Expeditions, v. 6, p. 267, pi. 34, fig. 3. 
RANGE: The oldest specimens of this species are from the Tasman Sea in sediments

approximately 4.4 Ma (Boersma, 1984). 
ECOLOGY: Along the East Pacific margin, the upper depth limit of Uvigerina peregrina

dirupta is in the upper middle bathyal biofacies (Ingle, 1980) associated with the
cool, high salinity oxygen-rich North Pacific Intermediate Water or the Anatarctic
Intermediate Water masses (Ingle and Keller, 1980). 

OCCURRENCE: Balcom Canyon

Uvigerina proboscidea Schwager 
Uvigerina proboscidea Schwager, 1866, Novara Exped., Geol. THeil» Bd 2, Abt. 2, p. 250,

pi. 7, fig. 96. 
Uvigerina ampullacea Brady - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, pi. 12, fig. 9a,b. 
OCCURRENCE: Wheeler Canyon (Natland, 1952)

Uvigerina rustica Cushman and Edwards 
Uvigerina rustica Cushman and Edwards, 1938, Cushman Lab. Foram. Res., Contr., v. 14,

p. 83, pi. 14, fig. 6. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling
Project, v. 84, p. 399. 

Uvigerina pygmeae (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los
Angeles, pi. 12, fig. la,b 

ECOLOGY: The upper depth limit of Uvigerina rustica is in the lower middle bathyal
biofacies (Pflum and Frerichs, 1976). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Uvigerina senticosa Cushman 
Uvigerina senticosa Cushman, 1927, Bull., Scripps Inst. Ocean., Tech. Sen, v. 1, p. 159, pi.

3, fig. 14. - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los Angeles, pi.
12, fig. 7a,b, 8a,b. - - Bandy, 1953, Jour. Paleo., v. 27, p. 177, pi. 25, fig. 12. - -
McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v. 84, p. 399. 

ECOLOGY: The upper depth limit of Uvigerina senticosa is in the lower bathyal biofacies
(Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Uvigerina semitrigonia Galloway and Wissler
Uvigerina semitrigonia Galloway and Wissler, 1927, Jour. Paleo., v. 1, p. 77, pi. 11, fig. 

21.
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Angulogerina semitrigonia (Galloway and Wissler) - - Natland, 1952, unpub. Ph.D. Diss.,
Univ. of Calif., Los Angeles, pi. 12, fig. 12a,b. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Uvigerina spp. 
COMMENTS: This designation includes specimens assigned to Uvigerina gigantea ms. by

Natland (1952, p. 136, pi. 12, figs. 4a,b, 5, 6, as well as specimens too poorly
preserved to identify. 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Uvigerina striata d'Orbigny 
Uvigerina striata d'Orbigny, 1939, Voyage dans I'Amerique Meridionale; Foraminiferes, v.

5, p. 53, pi. 7, fig. 16. 
OCCURRENCE: Balcom Canyon

Valvulineria araucana (d'Orbigny) 
Rosalina araucana d'Orbigny, 1839, Voyage dans I'Amerique Meriodionale; Foraminiferes,

v. 5, pt. 5, p. 44, pi. 6, figs. 16-18. 
Valvulineria araucana (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif.,

Los Angeles, pi. 13, fig. 10a,b,c. - - White, 1956, Jour. Paleo., v. 30, p. 247, pi. 28,
fig. 3a,b,c. - - McDougall, 1985, Initial Reports of the Deep Sea Drilling Project, v.
84, p. 399. 

ECOLOGY: The upper depth limit of Valvulineria araucana is in the upper middle
bathyal biofacies (Ingle, 1980). 

OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Valvulineria californica Cushman 
Valvulineria californica Cushman, 1925, Contr. Cushman Lab. Foram. Res., v. 2, p. 60, pi.

9, figs. la-c. - - Finger, 1990, Cushman Lab. Foram. Res., Spec. Pub., no. 28, p.
252-253, plate-figs. 1-9.

RANGE: Middle Miocene to Holocene (Finger, 1990) 
ECOLOGY: The upper depth limit of Valvulineria californica is in the upper middle

bathyal biofacies (Ingle, 1980). 
OCCURRENCE: Balcom Canyon, Wheeler Canyon (Natland, 1952)

Valvulineria inflata (d'Orbigny) 
Valvulina inflata d'Orbigny, 1839, Voyage dans I'Amerique Meridionale; Foraminiferes, v.

5, p. 48, pi. 7, figs. 7-9. 
Valvulineria inflata (d'Orbigny) - - Natland, 1952, unpub. Ph.D. Diss., Univ. of Calif., Los

Angeles, p. 139, pi. 13, fig. 9a,b,c. - - Crouch and Poag, 1987, Jour. Foram. Res.,
v. 17, p. 173-174. 

OCCURRENCE: Wheeler Canyon (Natland, 1952)

83



Valvulineria spp.
COMMENTS: Specimens are too poorly preserved to identify to species. 
OCCURRENCE: Balcom Canyon
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Appendix 3 Chart numbers and taxonomic designations of Natland (1952) synonomized 
with the taxonomic designation used in this paper.

Chart Taxa
No. (Natland, 1952)

7 Ammodiscus sp. (minutum) ....................................Ammodiscus sp.
8 Ammodiscus pacificus ............................................ Ammodiscus incertus
9 Angulogerina semitrigonia ...................................... Uvigerina semitrigonia

10 Angulogerina carinata ............................................. Trifarina carinata
11 Angulogerina occidentalis .......................................Trifarina occidentals
12 Anomalina schmitti ................................................. Cibicides fletcheri
13 Bolivina pisciformis ................................................ Bolivina pisciformis
14 Bolivina advena var striatella.................................. Bolivina striatella
15 Bolivina vaughani ....................................................Bolivina vaughani
16 Bolivina interjuncta .................................................Bolivina interjuncta
17 Bolivina argentea .....................................................Bolivina argentea
18 Bolivina minuta ....................................................... Bolivinita minuta
19 Bolivina subadvena ................................................. Bolivina subadvena
20 Bolivina spp. ............................................................Bolivina spp.
21 Bolivina spissa .........................................................Bolivina spissa
22 Bolivina seminuda ...................................................Bolivina seminuda
23 Bolivina humilis ...................................................... Bolivina humilis
24 Bolivina punctata .....................................................Bolivina punctata
25 Bolivina sinuata .......................................................Bolivina sinuata
26 Bolivina beyrichi ..................................................... Bolivina beyrichi
27 Bolivina pseudobeyrichi ..........................................Loxostomum pseudobeyrichi
28 Bolivina panamensis/B. acuminata .........................Bolivina acuminata
29 Bolivinita angelina .................................................. Bolivinita quadilatera
30 Bathysiphon arenaria ...............................................Bathysiphon arenaria
31 Bulimina pagoda ......................................................Bulimina pagoda
32 Bulimina ovata ........................................................ Praeglobobulimina ovata
33 Bulimina subacuminata ...........................................Bulimina subacuminata
34 Bulimina affinis .......................................................Praeglobobulimina affinis
35 Bulimina inflata/B. subcalva .................................. Bulimina inflata
36 Bulimina ovula ........................................................ Praeglobobulimina ovula
37 Bulimina pulchella/B. marginata ............................ Bulimina pulchella
38 Bulimina spinifera ................................................... Globobulimina spinifera
39 Bulimina fossa .........................................................Bulimina rostrata
40 Buliminella curta ..................................................... Buliminella curta
41 Buliminella elegantissima ....................................... Buliminella elegantissima
42 Buliminella subfusiformis ....................................... Buliminella subfusiformis
43 Cassidulina limbata ................................................. Cassidulina limbata
44 Cassdiulina tortuosa/................................................. Cassidulina tortuosa

	C. reflexsa ....................................................Cassidulina spp.
45 Cassidulina corbyi ...................................................Cassidulina corbyi
46 Cassdiulina tumida ..................................................Cassidulina tumida
47 Cassidulina cushmani ..............................................Cassidulina cushmani
48 Cassidulina oblonga ................................................ Cassidulina oblonga

	85



49 Cassidulina parisi ms .............................................. Cassidulina delicata
50 Cassidulina spiralis ..................................................
51 Cassidulina transluscens ..........................................Cassidulina transluscens
52 Cassidulina laevigata ...............................................Cassidulina laevigata
53 Cassidulina pacifica ms .......................................... Cassidulina spp.
54 Cassidulina spira ms ............................................... Cassidulina spp.
55 Cassidulina spira var ms ........................................ Cassidulina spp.
56 Cassidulina crassaformis ......................................... Cassidulina spp.
57 Cassidulina s.n.q. subglobosa

	(C. var. quadrata) ........................................ Globocassidulina subglobosa
58 [blank]
59 Cassidulina californica ............................................ Cassidulina californica
60 Chilostomella oolina ................................................Chilostomella oolina
61 Cassidulina lomitensis .............................................Cassidulina lomitensis
62 Cassidulinella pliocenica ......................................... Cassidulinella pliocenica
63 Cassidulinoides bradyi ............................................ Cassidulinoides bradyi
64 Cassidulinoides cornuta ...........................................Fursenkoina cornuta
65 Cibicides basiloba .................................................... Hanzawaia nitidula
66 Cibicides cf. basiloba ..............................................Hanzawaia nitidula
67 Cibicides mckannai ................................................. Cibicides mckannai
68 Cibicides concideus ................................................. Cibicides/Cibicidoides spp.
69 Cibicides cicatricosa/

	C. mckannai var. depressa ..........................Cibicides cf, C. mckannai
70 Cibicides repettensis ................................................Cibicides/Cibicidoides spp.
71 Cibicides spiralis ..................................................... Cibicidoides spiralis
72 Cyclammina cancellata ...........................................Cyclammina cancellata
73 Clavulina communis ................................................Martinottiella communis
74 Clavulina pallida ......................................................Martinottiella pallida
75 Ehrenbergina bradyi/E. compressa .........................Ehrenbergina brady
76 Elphidium acutum ms ............................................. Elphidium spp.
77 Epistomina elegans ..................................................Hoeglundina elegans
78 Elphidium articulatum .............................................Elphidium articulatum
79 Eponides healdi ....................................................... Eponides healdi
80 Elphidium crispum .................................................. Elphidium crispum
81 Eponides pecki (patagonica) .......................
82 Elphidium hannai .................................................... Elphidiella hannai
83 Eponides tenera ....................................................... Oridorsalis umbonatus
84 Eponides poeyanum ................................................ Elphidium transluscens
85 Eponides subtenera ..................................................Oridorsalis subtenera
86 Elphidium hughesi ...................................................Elphidium tumidum
87 Eponides sp. 51

	Eponides cf. rosaformis .............................. Eponides spp.
88 Eponides mansfieldi ................................................ Buccella frigida
89 Eponides ornata/E. cf. frigidus ...............................Buccella tenerrima
90 Discorbis rosaceus ................................................... Rotorbinella versiformis
91 Frondicularia advena ............................................... Plectofrondicularia advena
92 Haplophragmoides scitulum .....................................Alveolophragmium scitulum
93 Pseudoglandulina laevigata ..................................... Glandulina laevigata
94 Planktic foraminifers ...............................................
95 Planktic foraminifers ...............................................
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96 Planktic foraminifers ...............................................
97 Planktic foraminifers ...............................................
98 Planktic foraminifers ...............................................
99 Planktic foraminifers ...............................................

100 Gyroidina soldanii ................................................... Gyroidina soldanii
101 Gyroidina soldanii var. altiformis .......................... Gyroidina altiformis
102 Gaudryina arenaria .................................................. Gaudryina arenaria
103 Guttulina quinquecosta ............................................ Guttulina quinquecosta
104 Karreriella grammostomata .....................................Karreriella grammostomata
105 Gyroidina soldanii var. rotundimargo ....................Gyroidina rotundimargo
106 Leibusella pliocenica ............................................... Leibusella pliocenica
107 Lagena ......................................................................Lagena spp
108 Dentalina lawndelensis ............................................Dentalina spp.
109 Laticarinina pauperata ............................................. Laticarinina pauperata
110 Nodosaria limbosa ...................................................
111 Karreriella milleri ....................................................
112 Nodosaria cf emaciata .............................................
113 Nodogenerina lepidula ............................................ Stilostomella lepidula
114 Nodogenerina advena ..............................................Stilostomella advena
115 Nodosaria arundinea ................................................Nodosaria longiscata
116 Nodosaria soluta ......................................................Dentalina soluta
117 Ellipsonodosaria verneuili ....................................... Siphonodosaria verneuili
118 Nodosaria tympaniplectriformis .............................. Nodosaria tympaniplectriformis
119 Ellipsonodosaria insecta ..........................................Siphonodosaria insecta of

	Haller (1980)
120 Nodosaria pliocenica ............................................... Siphonodosaria spp.
121 Nodosaria raphanistrum .......................................... ?Siphogenerina spp.
122 Nodosaria pliocenica v. spinosa .............................Nodosaria hispida
123 Nodosaria tosta ........................................................Nodosaria lamellata
124 Nodosaria (robusta) moniliformis .......................... Nodosaria anomala
125 Nonion pacificum ....................................................Melonis barleeanus
126 Planktic foraminifers ...............................................
127 Nonion pompilioides (umbilicatula) .......................Melonis pompilioides
128 [blank]
129 Nonion grateloupe/N. scaphum ..............................
130 Nonionella miocenica v. Stella ............................... Nonionella Stella
131 Nonion auris/

	N. pizarrense basispinatum .........................Nonionella basispinata
132 Nonion stelligera ..................................................... Astrononion stellatum
133 Planktic foraminifers ...............................................
134 [blank]
135 Planulina ornata .......................................................Planulina ornata
136 Planulina cf. ariminensis .........................................Planulina ariminensis
137 Plectofrondicularia californica ................................ Plectofrondicularia californica
138 [blank]
139 Virgulina nodosa ..................................................... Fursenkoina nodosa
140 Triloculina triserialis ............................................... Triloculina spp.
141 Pullenia salisburyi ................................................... Pullenia salisburyi
142 Pullenia quinqueloba ............................................... Pullenia quinqueloba
143 Pullenia bulloides .................................................... Pullenia bulloides
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144 [blank]
145 Pulvinulinella pacifica .............................................Epistominella pacifica
146 [blank]
147 Pulvinulinella bradyana ...........................................Epistominella bradyana
148 Pulvinulinella smith! ................................................Epistominella smithi
149 Pulvinulinella umbilicatula ms ............................... Epsitominella exiqua
150 Pulvinulinella subperuviana .................................... Epistominella subperuviana
151 Pyrgo ........................................................................ Pyrgo spp.
152 [blank]
153 Quinqueloculina akneriana/ .....................................Quinqueloculina akneriana

	Q. seminulum .............................................. Quinqueloculina seminulum
154 Robulus flexuosa ..................................................... Lenticulina spp.
155 Robulus cushmani (calcar) ..................................... Lenticulina cushmani
156 [blank]
157 Rotalia peruviana/R. beccarii ..................................Ammonia beccarii
158 [blank]
159 Sigmoilina tenuis .....................................................Sigmoilina tenuis
160 [blank]
161 Sphaeroidina bulloides ............................................ Sphaeroidina bulloides
162 Sphaeroidina cyclindroides ..................................... Sphaeroidina spp.
163 Spiroloculina sp. A .................................................
164 Suggrunda eckisi .................................................... Suggrunda eckisi
165 Textularia cf. abbreviata/

	T. crassisepta ...............................................Textularia spp.
166 [blank]
167 Textularia flintii .......................................................Siphotextularia flintii
168 Uvigerina auberiana ................................................ Uvigerina auberiana
169 Uvigerina peregrina .................................................Uvigerina peregrina
170 Globobulimina pacifica ........................................... Globobulimina pacifica
171 Uvigerina senticosa ................................................. Uvigerina senticosa
172 Uvigerina hispida .................................................... Uvigerina hispida
173 Uvigerina canariensis/

	U. hootsi ...................................................... Uvigerina hootsi
174 Hopkinsina nodosa ..................................................
175 Uvigerina pygmeae ..................................................Uvigerina rustica
176 [blank]
177 Uvigerina tenuistriata/

	U. juncea ......................................................Uvigerina juncea
178 Uvigerina gigantea .................................................. Uvigerina spp.
179 Uvigerina ampullacea ..............................................Uvigerina proboscidea
180 Uvigerina attenuata/

	U. microcoslata ............................................Uvigerina excellens
181 Valvulineria araucana/ .............................................Valvulineria araucana

	V. californica ............................................... Valvulineria californica
182 Valvulineria inaequalis ............................................Valvulineria inaequalis
183 Valvulinera intlata ................................................... Valvulineria inflata
184 Virgulina schreibersiana ..........................................Fursenkoina schreibersiana
185 Rotalia garveyensis ..................................................Rotalia garveyensis



Table 1 Distribution and abundance of benthic foraminifers in the Balcom Canyon Section. Abundance 
of each species is a percentage of the total benthic foraminiferal assemblage in a split containing 
approximately 300 specimens. Foraminiferal number is the number of specimens actually picked 
from the split and diversity is the number of species per sample.

Sample number

84-75 84-74 84-73 84-72 84-71 84-70 84-69 84-68 84-67 84-66 84-65 84-84 84-63 84-62 84-61

Astaeotossp. ......................................................... ...............
Astrononfan sp. .......... _ ..................................... ...............
A. stellatum Cushman and Edwards ..................... - - - - - - - - - - - 3.9 1.2
Brfrrcne/fetasisp/na/aSlewartandSlewart ........ - - - 19.7
E. cuffa Cushman   _ ........................................... . . . . 0.6 ..........
6. etegantissima (dtDrSigny) ................................. 0.3 ...............
fi. subtusiormis Cushman ....................................   - - 28.9 ........ 0.6   
Se/Mnaanj«flMa Cushman _ ............................ - - - 1.2 9.7
fi. girardensis Rankin .. __ .................................. ...............
B. intequncta Cushman .... __ ........ __ .............. - - - 0.3 - 3.2 - - 7.1 - 7.5 0.7 2.4 - 1.8
B.cl. a htt/JMflcte Cushman ................................ ...............
B. marginata Cushman . __ .................................. ...............
E psacxtospssa Kteinpetl ...._.....__._................. 0.3 .............
B s/fiuafa Galloway and Wissier ........................... . . . . 0.6 ..........
fi. semiperforata Martin ......................................... ...............
B. iem/nuda Cushman ............ _ ........................ ............ 0.3  -
fi. aft 8. seminuda ......................... _ ................. ...............
fispissa Cushman ............................................... 0.3 0.6 - - 2.7 - - 5.0 2.0 0.9 - 2.6
3 SOD ...... ... ......   - -           *     *

a vaughani Natiand .............................................. ........... o.7 - 0.6 0.3
B. wcodringinatopeUi ........................................... ........... 0.7 -  -
BuccaCatfigicla (Cushman) ................................... 0.8 -   1.1 ....... 6.5 4.6 6.2 0.6
fi. pafkerae Andersen __ ..................... ............. ............ 0.3 - -
fi. tenerrima Bandy ................................................ ...............
B-jIMns denudata Cushman and Parker ............. 3.8 2.3 4.3 7.0 ...........
B pagods hebospinata Stewart and Stewan ........ - - - - -     - - - - - 0.6
B. rostrata Brady _ ............................................... - - - - - - - - - - -   - -
aaff.B. rosfrafaBrady ......................................... ...............
fi. subacc'jminata Cushman and Parker ............... ...............
fi. spp. .................................. _ ............................ .........-..-.-
Cassid'jUra calilomica Cushman and Hughes ...... 2.5 1.3 0.4 0.8 1.2 6.5 12.5 2.7   - 2.5 1.3 2.8 4.4 1.2
C.eas/imani Stewart and Stewart ......................... ..... 3.2    - 4.0 5.0 - -   
C. deVcata Cushman ............................................. - - - - -
C. oepressa Asano and Nakamura ....................... ...............
C. laevigsta carinata Sirvesri ................................ ...............
C. Iwvtjara dOiWgny ........................................... 0.3 ....... 4.0 2.5 11.1
C. fmbata Cushman and Hughes ......................... ...... .........
Cass'dutnefa pllocenica Natland .......................... ...............
Casstfufoa tontfensfeGalloway and Wissier ...... ..... 3.2 .........
C. nvnuta Cushman .............................................. ........---.-.-
C. otiJcnga Reuss _ ............................... _ ............ ._...........- 
Cassou«no<ctes renus Phleger and Parker ........... ...............
Casscubna spp. ....... _ ....................................... ...............
C.tortuosa Cushman and Hughes ........................ 1.4 - 1.6   2.4 6.5 - - 14.3 - - -8.3 27.5 9.4
C. transkocens Cushman and Hughes ................. ............ 0.3 - -
C. d. C. transtoscans Cushman and Hughes ....... ...............
Chtostomeaa ooSna Schwager ............................. ...............
CtWK#9s/terc/)ert Galloway and Wissler ............... .............. 2.9
C d. C. Jteftr/wriGalloway and Wissier ................ ...............
C hbatutue (Walker and Jacob) _......................_ - - - - - - -8.1   - 2.5 26.1 6.1 15.6
C.mctcannai Galloway and Wissier ....................... - - - 0.3 C.6 6.S - - - 12.0 5.0 2.0   5.6
C. d. C. mcfcanna/Galtoway and Wfesler ............. ...............

C. wuellerstofffl (Schwager) .....
Ctoiodosspp.
Cydammina spp. .. _ ....... __   _ .. _ .... _ ........ ..............
Dstitaina baggl Galloway and Wissier .................. ..............
0. spp. ..................... _ ... __ ....... _ .................. .....-...-....
Oiscorbis sp. ........... _ ........................................... ..............
Dyocticioes perforatus Cushman and Valentine .. ..............
ShrteibeiginabradyiCushman .............................. ..............
ElptMiella hannai (Cushman and Grant) ............. 0.3 .............
clphidivm Irigidvm Cushman .. __ ...................... ... 0.3 -   ---  0.6  
5. guntotiColo .... ............................................. _ . ..............
£ d. E. ffunWn'Cole ... __ .................................. ..............
£ sp. ......................... _ ........................................ ..............
£ translucent Natland ........ _ ............................. ..............
£ rumtfum Natland ............................................... - - 0.4 0.5 -6.5 - - 7.1 e.O - 1.3 1.5 1.2
Epistominona txadyana (Cushman) ...................... 0.3 ....... s.O
£. pscitica (Cushman) ........................................... - - - 0.5 3.0 6.5 - -21.4 - 5.0
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Appendix 4 Distribution and abundance of benthic foraminifers in the Balcom Canyon 
Section. Abundance of each species is a percentage of the total benthic 
foraminiferal assemblage in a split containing approximately 300 specimens. 
Foraminiferal number is the number of specimens actually picked from the 
split and diversity is the number of species per sample.
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Sample number

84-75 84-74 84-73 84-72 84-71 84-70 84-69 84-68 84-67 84-66 84-65 84-64 84-63 84-62 84-61

sofcpsfuwana (Cushman) ................ ...............
£ smtn/(StewartandStewan) .._...._.._............... ...............
Fissurina aVooteM (Brady) .................................... ...............
F.bodjon«goroensa(Boomaan) ........................... ...............
F. Augfcri(CushrnanandStainforth) .................... ...............
F. marginal! (Montagu) ......................................... ............ o.3 - 0.3
F. obocurocos/afa Galloway and Wissler .............. ...............
F.ofttgnyanaSoquenza ....................................... .............. 0.6
F. spp. ............................... _ ............................... ...............
Fursonkoina cotnuta (Cushman) ........................... ...............
F. scnr«*«wana (Czjzak) ................................... 0.3 ..............
F. spp. .................................................................. ...............
Gao*j*w a/enaria Galloway and Wtester ............ 0.3 1.6 - 0.6 - - - - - - - 0.9 1.9 1.8
Gtobobuf/nftupaafcaCushman .......................... ...............
G. pyrula (d'Orbigny) ............................................. ...............
Globocassidullna subgtotjosa (Brady) ................... ...............
Glandutna laevigala (d'Orbigny) ........................... ...............
GyroW«wa*ft»rn»sStewartandStewait .............. ...............
6. condon/(Cushman and Schenck) .................... ...............
G. /nutotoeufaCoryellandMossman ..................... ...............
G.cf. G. muttltocvla Con/eland Mossman ........... ...............
G. so«an*dOrbigny ............................................. ........ 14.3 o.3
G. spp. .................................................................. -..--....-..-.-
HanzawaJaWngrfNuttaH) .............................. _ .. ...............
H. ntidula (Bandy) ................................................. .......... 2.5 -   -
Haptophragmoidesspp. ........................................ ...............
Hoeglundina elegant (d'Orbigny) .......................... ...............
Lagena acuttcosta Reu&s ...................................... ...............
L amphora Reuss ................................................. ...............
I. costata (Wlltiamson) .......................................... - - - - - - - - - - - - 0.6
L. ekmgala (Ehrenberg) ........................................ .............. rj.3
L. llatutonta Loeblfch and Tappan ......................... 0.8 - - - 0.6 - - - 7.1 - - - - - 0.3
L. hexagons (Wilttamson) ...................................... ...............
L lasvis (Montagu) ................................................ ...............
l.«afcnforrmsWilliamson .................................... - - 0.4 ............
Lse/fceraMMett ................................................... ...............
L. sukata laevicosta Cushman and Gray .............. ................
L. semistriata WiWamson ....................................... ........... o.7
L. spp. ................................................................. ...............
L. striata (d'Orbigny) ................ _ ......................... 0.3 .......... o.3
Lsulcata (Walker and Jacob) ............................... ...............
L i/WlgBrisWIIIiamson ............................................ - - - - 1.2
L. mttamswH(Alcock) ........................................... .............. o.3
r«if«x/«na cus/iman/ (Gateway and Wissler) ....... ...............
L. spp. ................................_................................ ...............
Loxostomum ps#udot>ayrichi (Cushman) .............. ...............
Maton(soarfeeanus(Wiltiamson) .......................... ...............
M.cf.M.pompOoideefiMtet and Mo*) ............... ...............
Miiiammina lusca (Brady) ...................................... 0.5 ...... 5.4 .......
Nontonella auricula Heron-Alien and Earland ....... ..... 3.2 .........
N. basispinats (Cushman and Moyer) ................... 52.9 4S.8 39.4 3.S 36.3 - - - 14.3 48.0 32.5 4.6 4.0
N. costitera (Cushman) ......................................... 0.3 ............
N.mtocenica Cushman ......................................... - - 3.5 25.7 37.5 9.7 50.0 64.9 .....
N. spp. .................................................................. ..............
N. Stella Cushman and Moyer ............................... - - 2.4 5.4 ..........
Nodosarla anomaia Reuss .................................... ..............
N. lamellaia Cushman and Stainforth .................... ..............
N.tongiscaUi d'Orbigny ......................................... ..............
N. spp. .................................................................. ..............
A/onion spp. ........................................................... ..............
Oo/inameto d'Orbigny ........................................... ............. 0.6
Onaoreattsm-'WwpfusfKocri) .............................. .......... ...
O. u/nbonarus (Reuss) .......................................... ..............
Onhomorphins aft. O. rohri (Cushman & Stainlorth ..............
O. spp. .................................................................. ..-...-.--....
Paratissurina spp. ................................................. ..............
PlanuHnaariminensis d'Orbigny ............................ ..............
P. a^omaPhleger and Parker ............................... ..............
P. omafa (d'Orbigny) ............................................. ..............
P. cf. P. omata d'Orbigny ...................................... ..............
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Sample number
Taxa ____________________________________

84-75 84-74 84-73 84-72 84-71 84-70 84-69 84-68 84-67 84-66 84-65 84-64 84-63 84-62 84-61

Ptectofrondicu/ana advena (Cushman) ................. ...............
P. mfacanfca Cushman ........................................ ...............
P. spp. ... _ ........ _ .................... _ ................. ...............

F. auriculuta (Bailey) ........... _ .. ___ ............... 14.4 45.5 14.2 - 8.9 16.1 - 13.5 - -   - 3.4 11.9 1.5
P. pupoktae (d'Orbigny) ............................... _ ...... ...............
Pu/tena miocamca KleinpeH ................................ ...............
F. sa/eburyiStewart and Stewait .......................... . . . rj.5 ......... 0.6
P. sutxarinata d'Orbigny ...................... ............_. ...............
F. spp. .......... _ .................................................. ...............
FyrgorafsfariaLoeblichandTanpan .................... ...............
F. spp. ...................................................... __ ... ............ 0.3 . .
Ouinqueioculina akneriuna d'Orbigny ................... ...............
Q. lae/igata d'Orbigny ........................................... ...............
(3. spp. ................................................................. ...............
Reuseilatf. ........................................................... ...............
nhabdamminaep. ................................................. 0.5 ..............
Rosaline d. R cotombiensis (Cushman) .............. ...............
/? sp. .............._.................................................... ...............

R cf. R. sarvexwisfcNatland ................................ ...............
R sp. .................................................................... ...............
Rtto/Mwila fernaensfe (Bandy) ............................ - - - - - - - - - - - - 1.9 0.3
R wrsHomts (Bandy) ........................................... ............ rj.3 0.6 -
SaccamrrMna sp. ................................................... ...............

S.rorta (Galloway and Wissler) ........_................... .............
Siphatextularia IlintU (Cushman) ............................ - - -2.2 - - - - - - - 1.3 1.5

Sia*!/o/»/i«aconeava(Hoeglund) ........................... ...............
SHtostomolla adotprtina (d'Orbigny) ....................... ...............
S. spp. .................................................................. ...............
Suggmndaspp. ..................................................... .............. rj.3
rnyarfr»an0u/bsa(WI1«amson) ............................. 0.3 .............
T.cartiata (Cushman) ........................................... ...............
T. cf. T. carinata (Cushman) ................................. ...............
T./iujnasf (Galloway and Wissler) ........................ ...............
T. ocddentals (Cushman) ..................................... 0.3 6.5 25.0 2.7 - 12.0 20.0 31.4 41.6 10.6
Tmfocu/ihaspp. .........._.........._.............................. ...............
Uvigerina auberiana d'Orbigny .............................. ...............
U.baggi 'Galloway and Wissler ............................. - - 0.8 ............
U. curtlcasta (Cushman) ........................................ ...............
U. htepktocostata Cushman and Todd .................. ...............
U.hispidaSdrmaget ............................................. ............ o.3
U.tiootst Hankin .................................................... ...............
U.jvncea Cushman and Todd .............................. 19.9 2.7 31.1 - - 12.9 ...... 15.3 - 62.6
U.pemgrlna Cushman .......................................... 0.8 0.3   2.2 3.0 - 12.5 - 14.3   10.0 3.3 - 1.8 1.2
U.of. U. peregrine Cushman ................................. ......... .....
U. aft. U. petagrlna Cushman ............................... .......... .....
U.pefegrinadiruptaJixia ..................................... - - - - - - - - - - - 0.7 0.3 1.2
U. rustics Cushman and Edwards ......................... ...............
U. a. U. rustics Cushman and Edwards ............... ...............
U. senttcosa Cushman .......................................... - - - - - - - - - - - - - 1.9 4.1
U. serntrigonia Galloway and Wissler ................... - - 1.1 1.8 - -   - 4.0 - 2.0 - - 7.4
U. spp. .................................................................. ...............
U. strlata d'Orbigny ................................................ ...............
Vatvulnefia araucana (d'Orbigny) ......................... ...............
V. callfomica Cushman {6.&) ................................ ...............
V. spp. .......................... _ .................................... ............. 0.6 -

Foraminiferal number 367 299 254 370 168 31 8 37 14 25 40 153 327 160 340
Diversity 17 12 12 17 16 14 4 7 6 8 12 18 26 19 21
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Sample number

0.9 1.8 11.8

3.8 3.5 2.4 3.6 12.2

3.6 17.4

0.4 1.7 0.3 5.9 17.9

1.2

0.9

0.9

0.9 
0.4

1.3

4.7

0.4

1.2

2.3

2.4 0.4 11.8

10.7

10.7

0.4

4.7

7.0

0.9

0.4

3.5

1.7

0.9

3.3 0.3

8.9

1.8

5.4

1.8

2.0 0.8

84-60 84-59 84-58 84-57 84-56 84-55 84-54 84-53 84-52 84-51 84-50 84-49 84-48 84-47 84-46

Astacolussp. ....... .......... _ ............................... _ -.....-..-.....
Aslrononfon sp. ............. _ .................................... ,_.-..._.-.....
A sfefefum Cushman and Edwards .....................
BuiMneUa basispinata Stewart and Stewart ........
a curta Cushman .......... __ . _ .........................
a etegantissima (dOrbtgny) .................................
B. suWus/wmis Cushman ............. _ .................
SoMrinaargontoa Cushman ..................................
a girardonsts Rankin ...........................................
a/nlwjuncfaCusnman .........................................
acf. ainteijbncfaCushman ................................
a marpiufa Cushman ..........................................
a pseoctospBsaKleinpell .....................................
a s/nua/a Galloway and Wissler ...........................
a sornperlorata Martin ...................... __ ...........
a somfnuda Cushman . _ ..................................
a alt. B. seminuda ............... _ ...........................
a spissa Cushman ...............................................
ft spp. .................................... _ ... _ . _ ........... _
a vaup/iam'Natland ............................................
a worxWng/Kleinpelll ...........................................
BucceHa Irigida (Cushman) ...................................
a parkarae Andersen ...........................................
a tenerhma Bandy ............._.................................
Bulimina denudata Cushman and Parker ..............
a pagoda habespinata Stewart and Stewart ........
a fosfrata Brady ....................... _ ........................
a atf. a rostrata Brady .........................................
a softaccurrtnara Cushman and Partor ...............
a spp. .........._........_..._.....   ..........................
CassUutna California Cushman and Hughes ......
C. owrtman/ Stewart and Stewart .........................
C.ttetcata Cushman .............................................
C. depress? Asano and Nakamura .......................
C. ijev^ata cartnata Slrvestri ...............................
C. /aeviffa/a dOrbigny ...........................................
C.Smtwta Cushman and Hughes .........................
CasstfufnefeptbcenfcaNatland ..........................
Cssstfut/w fcrntonsfe Galloway and Wissler .......
C. /rainufa Cushman ...............................................
C. obtotna Reuss .................................... _ _ .......
Cass#uft»oiB»sfsm«sPhleg«r and Parker ...........
CassiduUnaspp. ...................................................
C.mtuosa Cushman and Hughes ........................
C. tranatuscens Cushman and Hughes .................
C.d.C.tianstuscens Cushman and Hughes .......
C/Mtosfome.9aoo*naSchwager .............................
Cbicktes ftoKheri Galloway and Wissler ...............
C. rf. C. fterc/wrf Galloway and Wissler ................
C.tobatutus (Walker and Jacob) ...........................
C.mckannat Galloway and Wissler .......................
C. d. C. mcfcan/uv'Galloway and Wissler .............

4.9 04 0.4

4 4.7 19.< 58.2 
0.4

3.6

5.2 33.0 19.7 13.7 47.0 68.4 40.7 54.1

C. woe/fersfort»(Schwager) ..................................
Cfcfcfttesspp. ........................................................
Cyclammina spp. _ ..............................................
Denraina toaggi Galloway and Wissler ..................
D. spp. ........................ _ .....................................
Dfecorbfesp. ..........................................................
Dyocbicides perforates Cushman and Valentine 
Ehrenberglna txadytCushman ..............................
Elphidiella hannal (Cushman and Grant) ..............
ElphUkimtrigUurn Cushman ................................
E.guntertCoto ............... _ ..................................
£ cf. E. gunteriCott .............................................
E. sp. .... _ ............................................................
E. irans/ucensNatland ..........................................
Efu/wdumNatland ...............................................
£ofefom*w/ia bradyana (Cushman) ......................
E. pacifica (Cushman) ...........................................

-

0.4 3.5 14.3

0.4

-

1.2

0.4 3.6 - 0.8 0.4

0.4 0.8 5.1 29.9 - 
7.1 0.9 - - 0.9 - 5.9 3.6

-

1.8 - - 0.4

0.9 1.3 - - - 11.8 1.8 -   - 
5.9 3.6

0.4 2.4

g.8 23.5 12.5 3.0 0.4
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Taxa ____________________________Sampla number

84-60 84-59 84-58 84-57 84-56 84-55 84-54 84-53 84-52 84-51 84-50 84-49 84-48 84-47 84-46

a sotpenwwna (Cushman) ................ 7.1
£smtft/(StewartandStewan) _ ........................ .....

F. booJo/woorosnaB (Boomaart) ........................... ......
F. kugbri (Cushman and StainfoRh) ..................... ......
F. mxrginata (Montagu) ........................... _ ......... ..... 0.9
F. obecufooostasa Galloway and Wl«stor .............. ......
F.ortji^nysnaSequanza ....................................... ......
F. spp. .. __ ... __ .. _ ......._..... _ ............... ......

F. oahroSjsfSlsns (Czjzak) .................................... ...............
F. spp. ......... __ ............................ _ . _ .......... ...............
Gaudryina arafiari Galloway and Winter ............ - - 14.3 - - 3.5 0.9 0.4 2.8 0.4
Gfabobo*mtnapac*baCu»hman .......................... . ... 3.6 ..........
G. pyru/a (d'Orblgny) ............................................. ...............

Gw^aaMnrnfeStawartandStewart .............. ....
G. condon/' (Cushman and Schenck) .................... ....
G. mu/Htoa-feCoryell and Mossman .................... ....
G. d. G. mvttiKXVla CoryaH and Mossman ........... ....
G. soWanwd'Otbigny ............................................. ....
G spp. .............................................................. ....
Ha/Kawa«a/»/ng#<Nuttall) ...................................... ....
H.nlMula (Bandy) ................................................. ... 4.9
HaptophragmoiOesspp. ........................................ ....

Lagena acutfeorta Reuss ...................................... ...............
i.. amphora Reuss ................................................ ...............
t.oos/ala(Willlamson) .......................................... ...... <j.9 --------
L. a/onoaaiEhrenberg) ........................................ 0.9 ..............
L. Katulanta LoebSch and Tappan ......................... ...... o.9 ........
L hexagons (Willlomson) ...................................... ...............
L. lasvis (Montagu) ................................................ .............. o.4
L. sea&rifofmfcWMamson .................................... - 1.2 - - - - - - - 0.3

L sulcala lasvicoeta Cushman and Gray .............. ..... 1.7
L. osmWnalaWilllamson ....................................... 0.4 .....

L.**tta(d'O*lgny) .............................................. ....... 0.4 .......
Lsukxtta (Walker and Jacob) ............................... ...............
L. wfcansWilllamson ............................................ ...... 0.4 ........
L. ««famson/(Alcock) ........................................... \2 .............
Lenucvenacushmani (Galloway and Wissler) ....... ...... 0.9 ........
L. spp. .................................................................. ...............
Loxostomum pseuccoeyrichi (Cushman) .............. ...............
M«ton<s(wteMnu»(WtHlamson) ......................... ...............
M.c/.M.ponp«tolctes(Fltchel and Moll) ............... ...............
M</«a/nrn*>a ft/sea (Brady) ..................................... ... 2.4 -----------
Nonionetla auricula Heron-AHen and Eartand ....... ...............
N. basispnala (Cushman and Moyer) ................... 8.8 1.2 - - - 1.7 - 2.0 0.9 - - 1.3 0.3 0.4
N. cosWfera (Cushman) ......................................... ...............
N.mtocefMca Cushman ......................................... - - - - - 0.9 - 0.4 2.6 0.3 - 1.8 - - 0.7
W. spp. .................................................................. ...............
N. Stella Cushman and Moyer ............................... ...............
Noetosaria anomala Heuss .................................... ...............
N. lamellate Cushman and Staintorth ................... ...............
N. fonofccafad'Orbigny ......................................... ...............
N. spp. .................................................................. ...............
Nonkjnspp. ........................................................... - - - - - - - - - - -1.8
Oo/fcametod'Orblgny ........................................... ..... o.9 ---------
Orido«a/«srouWMpftw(Koch) .............................. ...............
O. umbonatus (Reuss) ............_.......................... ...............
C'rthormphina afi. O. rohri (Cushman & Stainforth ...............
O. spp. .................................................................. .......... 5.9 ....
Paraflssurittaspf. ................................................. ...............
P/anuttwartro/wnsiisd'Ofbigny ............................ ...............
P. exoma Phleger and Parkar ............................... - 1.2 - - - - - - - 0.3
P. omara(d'Orbigny) ............................................. ...............
P. cl. P. omafad'Orblgny ...................................... ...............
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Taxa ____ Sample number

84-60 84-59 84-58 84-57 84-56 84-55 84-54 84-53 84-52 84-51 84-50 84-49 84-48 84-47 84-46

Plectofrondiculariaadvena (Cushman) ................. ...............
P. mocemca Cushman ......................................... ...............
P. spp. ............................................................... ...............

P. aurieutefe (Bailey) ........................................... 8.1 10.5 - - - 7.0 0.4 1.6 8.8 5.3   1.8 2.0 23.6 2.6
F. jxjpoWos (d'Orbigny) .................... _ ............... ...............
Pultenia mtoosnfca KleJnpeH .................................. ...............
P. saHsburyiStoHian and Stewart .......................... 0.4 ..............
P. subca/mafa dtDrbigny ....................................... ...............
p. spp. ........... _ _ ................................................. ..-.-....--....
Py/jo ntta&na Loeblidi and Tappan .................... ...............
P. spp. ........ _ ..................................................... ...............
Quini;uetocu//na afowana dOrbigny ................... ...............
CJaei^afad'Ortigny ........................................... .............. o.7
Q. spp. .................................................................. 1 .3 ..............
fleuseflasp. ........................................................... ...............
Rhabdamrrinasp. ................................................. ...............
Rosalina d. R. co/um&iensjs (Cushman) .............. 1 .2 .............
R sp. .................................................................... ...............
Rotate ja/VBynsisNatland .................................... ...............
R. d. R. gaiveyenaisNatana ................................ ...............
R. sp. .................................................................... ...............
RotoittineHa tomaonsis (Bandy) ............................ 0.9 - - - 3.6 0.9 ---------
fl. versttormis (Bandy) ........................................... - 1.2 - - - - - - 0.9 1.6 - 1.6
Saccammmasp. .................................................... . .... 7.8 .........
S«gwxj*iatent«s(Czjeek) ..................................... 1.3 - - - - - 0.4 - 1.7 0.3
S. torta (Galloway and Wissler) ............................. ...............
StphotextularattMi (Cushman) ............................ . ... 3.6 ..........
SpAaeroWAwdu/toAtesd'Orbigny .......................... ...............
Sjp*optee(amm*)asp. ............................................ ...............
Stainlorthia comma (Hoeglund) ........................... ...............
StftostometoadaJD/i/nafd'Orbigny) ....................... ...............
5. spp. ........................................................... _ ... ...............
Suggrunda spp. ..................................................... ...............
Trifarina angukxa (Wlliamson) ............................. ...............
T.carinata (Cushman) ........................................... ...............
T. d, T. carinata (Cushman) .................................. ...............
T. /iug/>esf (Galloway and Wissler) ........................ ...............
T. occidental (Cushman) ..................................... - - 14.3 - - - 9.7 1.6 4.3 1.6 - - 1.3 1.5 3.0
Tritoculina spp. ........... _ .. _ ................... __ ..... ...............

U. tags/Galloway and Wissler ............................. . 3.5 ......... 5.4 ...
U. curtfcosw (Cushman) ........................................ ...............
U. hispidocostata Cushman and Todd .................. - - - - - - - - 1.7   - 5.4 0.7 0.4 1.1
U. WspWaSchwaser ............................................. ...............
U. hootsi Rankin .................................................... ...............
U.fjncea Cushman and Todd .............................. 60.0 58.1 - 85.7 35.7 26.1 23.3 7.0 56.4 10.0 5.9 - 16.4 31.2 35.2
U. peregrina Cushman .......................................... 2.6 - 57.1 - - - - - - - 11.6 12.5 0.3
U. d. U. peregrina Cushman ................................. ...............
U. aft. U. peregrina Cushman ................................ ...............
U. peregrina dkvpta Toad ..................................... ...............
U. fusffca Cushman and Edwards ......................... ...............
U. d. U. rustka Cushman and Edwards ............... ...............
U. sentfcosa Cushman .......................................... .... 10.7 - 0.9 1.6 0.9 0.7   0.7
U. semitrigonia Galloway and Wissler ................... 3.0 - - - - 3.5 .........
U. spp. .................................................................   - - - - - - - - - - 1.8
U. striala d'Orbigny ........._................................... ...............
Vahfulneria araucana (d'Orbigny) ......................... ...............
V. caliomica Cushman (s.s.) ................................ ...............
V. spp. ..................._............................................. ...............

Foraminiferal number 235 86 7 42 28 115 227 244 117 321 17 56 304 263 270
Diversity 22 16 4 6 11 19 20 16 15 13 10 21 11 10 13
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Tana

Aetacotus sp. ... _ ............ . ... _ ...... ..... ..........
Aiitionanion sp. ...........   .....................................
/t. steUstum Cushman and Edwards .....................

3. cwfaCushmnn .............................................
a «/8ganrfes4na<dQ;bigny) ...... ...........................
a subAafoflnfc Cushman ....................................
Botirina atgentoa Cushman .. ......... .......................
P glmrriensle RanWn , ,

a ci. B. rtterjuncta Cushman ................................
8. /ra/grafa Cushman .......................................
8. psauctepBsaKletnpell .....................................
a s<nua/a Galloway and Wlssler ...........................
B. swnjMrrbrafa Me/tin ........................................
a saminuda Cushman ..........................................
B. aff B. seminuda ..... _ ....... . __ ..... ............ ..
a spissa Cushman ...............................................
a spp. ..................................................................
a vaug/ian/Natland ..............................................

BucceHa trigUa (Cushrran) ...................................
8. parkerae Andersen ...........................................
B. lenerrima Bandy ...............................................
BulMna denudata Cushman and Parker ..............
a pagoda hebespinala Stewart and Stewart ........
8. mstrata Brady ...................................................
a aft 8. rasfrafa Brady .........................................
a subaccuminala Cushman and Parker ...............
8. spp. ... ............................ ........................ ...... .
Cassvutinacallfomica Cushman and Hughes ......
C. cushmani Stewart and Stewart .........................
C. defca/a Cushman .............................................
C. depraaaa Asano aid Nakamura .......................
C. laevigala carinata Sirvestri ................................
C. laevigata d'Orblgny ...........................................
C. Smbala Cushman and Hughes .........................

Casstfu*nafomrtens«5 Galloway and Wlssler .......
C. mtnuta Cushman ....... .. .................
C. otitonga Reuss ..................................................
CassWu*XMte8fanu»sPhleger and Parker ...........

C. toftuosa Cushmsn and Hughes ........................
C. transkjacene Cushman and Hughes .................
C. a. C. fransteos/is Cushman and Hughes .......
ChiastomeUz oalia Schwager .............................
CtHddee McnenGaVoway and Wlssler ...............
C. cf. C. ftefcrwrfGaltoway and Wlssler ................
C. tabato/us (Walker and Jacob) ...........................
C. mckannal Galloway and Wisster .......................
C. a. C. mcfcanna/Galloway and Wlssler .............

C. wveUerstorftl (Schwager) ..................................
Ctoiades spp. ........................................................

Dematina baggiGaitottay and Wlssler ..................
D. spp. ..... ... ........... . ... ..... . . ... ...... .

Dyoctoicidasporfaratus Cushman and Valentine ..
Ehrenbetgina btadyi Cushman ..............................
BphkOella hannai iCushman and Grant) ..............
ElphkUum Irigidtor. Cushman ................................
£ gunlerlCote ....... ....... . .. .... . ...... ... .............
E. d. E guntariCcte ....   . .......
E. sp. ..... .... ....__......... .. ............... ..... .. .. .. ..
E. trans/ocensNatland ..........................................
E. tumidum Nattand .... . ....
£pistomh»tla bradyana (Cushman) ......................
£ pacinta (Cushman) .. .. .._......._.....................

Sample number

84-45 84-44 84-43 84-42 84-41 84-40 84-39 84-38 84-37 84-36 84-35 84-34 84-33 84-32 84-31

0.6 .............

0.3

0.9 - 2.1 - 0.9 - 5.6 1.5 2.4 - 0.4 - 28.1 62.2 78.6

4.0 .......... 0.7

03     5.1 3.9 19.0 5.2 24.0 12.9   - 5.7 1.7 1.6

0.3 - - 0.4

0.9 - 1.0

0.9 ..............

0.9 2.4 1.5 - 0.9 0.7 2.4 0.3 3.0 4.3 78.3 63.8 3.6 5.8 0.3
.

0.3 - - - 8.6 - 1.5
37.3 37.6 - - 6.0 3.0 - 1.5 - - 1.7

O.g

0.4

3.7 13.6 - - - - 0.7 35.6 17.2 5.0

0.3 - - 0.9 2.1 2.3

3.6 1.2 - - - - 0.3 0.9

0.9 ........ o.3

0.3 -------------
.

0.3
1.8 1.5 .............

.

.

6.4 34.3 85.4 - 0.9 3.0 19.6 77.3 12.2 38.8 0.8 3.3 - - 0.8
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Taxa ______________ __________Sample number

84-45 84-44 84-43 84-42 84-41 84-40 84-39 84-38 84-37 84-36 84-35 84-34 84-33 84-32 84-31

Epistorrmetla sutpenmana (Cushman) ................ ...............
£ smfn/(Stewart and SMwart) ............................. ............ o.9
Fissuitna aAwofeta (Brady) .................................... ...............
F. bodjonegoroeneia (Boomaart) ........................... ...............
F. fa/jteri (Cushman and Stainforth) ..................... ...............
F. marglnala (Montagu) ..  _ ............................... 0.6 .............
F. obscurocoatata Galloway and WHster .............. ...............
F. orbignyana Sequanza ....................................... . .... 0.3 .........
F. spp. .................................................................. ...............
Fursenkoina comma (Cushman) ........................... ...............

F. spp. . _ ....................... _ ............................... ...............
Gaudryina arena/to Galloway and Wtssler ............ - - 0.3 - - - - - - 0.3 - 0.3 0.7 0.3
G/obcbu/imina padfica Cushman .......................... ...............
G. pymla (d'Orbigny) ............................................. ...............
GlcDocaasidulinasubglobosa (Brady) ..._............  ...............
Glandulna laemgata (d'Orbigny) .......................... ...............
Gy/oWraa/WomxsStewart and Stew art .............. ...............
G. condon/ (Cushman and Schenck) .................... ...............
G. mu/»ocufaCoryell and Mossman ..................... ...............
G. c/. G/nufMbcufeCoryeiandMossman ........... ...............
G.sD**an« d'Orbigny ............................................. 0.9 ........... o.3 - 0.3
G. spp. ....................... .......................................... ...............
Hama*aiamngi(NMa») ...................................... ...............
H. ntkiula (Bandy) ................................................. ...............
HaptophragmMaespp. ........................................ ...............
Hoegtax/maategans (d'Orbigny) .......................... ...............
iagefla acui/cos/a Reuss ...................................... ...............
L. amphora Reuss ................................................. ...............
L.ooste/a (Williamson) .......................................... . . . . n.9 ..........
I. afongafa (Ehrenberg) ........................................ ...............
L. natulenta LoeWich and Tappan ......................... ...............
L hexagons (Williamson) ...................................... ...............
t. laevis (Montagu) .... _ ........................................ ...............
L scalar/forms Williamson .................................... 0.9 - - - 0.9 0.7 ---------
L. setigera MiHett ................................................... ...............
L. sutcata lamleoaa Cushman and Gray .............. ........... o.3
L. som&riala Williamson ....................................... ...............
L. spp. .................................................................. ...............
L Srttfa (d'Orbigny) .............................................. - 0.3 - - - - - - - - - 0.6 1.4 2.6
I. sw*a»a (Walter and Jacob) ............................... ...............
L. vu/pans Williamson ............................................ ...............
L. w»(«afnson((Alcock) .......................................... ...............
LentkuSna cushmani (GaHoway and Wissler) ....... - - - - - - - - - - - 0.3 2.7 1.3
L. spp. .................................................................. ...............
toxosfOmompseudobsyrfcWtCushman) .............. ...............
Melons barteeanus (Williamson) .......................... ...............
M.c/.M.ponv/«d/«9S(Fitchel and Mod) ............... ...............
UUiammina fuaca (Brady) ...................................... ...............
Nonionella auricula Heron-Allan and Earland .......
N. bastepinata (Cushman and Moyei) ................... - 0.6 - 5.6 - - - - - 0.3 - 0.7
N. costifara (Cushman) ......................................... ...............
N. rmocenica Cushman ......................................... 0.6 - - 0.9 ..........
N. spp. .................................................................. ...............
N. Stella Cushman and Moyer ............................... ...............
Noetosaria anoma/a Reuss .................................... ...............
N.lamellata Cushman and Stainforth ................... ...............
N. tongiscata d'Orbigny ......................................... ...............
N. spp. .................................................................. .......... o.4 0.7 - - 0.5
rVonionspp. ........................................................... 0.3 ............
OoMnameto d'Orbigny ........................................... ............ .0.3
Ow*»sa/fe/rx'«s8pfus(Koch) .............................. ...............
O. umbonalus (Reuss) .......................................... - - - - - - -0.3 - - 1.7 4.5 1.0
Orthomorphina att. O. rohii (Cushman & Stainforth .......... o.g ....
O. spp. .................................................................. ...............
"aratissunna spp. .................................................. ...............
Planulina arMnonsis d'Orbigny ............................ ...............
P. exoma Phlegor and Parker ............................... ...............
P. orneta (d'Orbigny) ............................................. - - 0.3 - - - 0.6 2.7 1.1
P. ct. P. omata d'Orbigny ...................................... ............. o.3
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Sample number

84-45 84-44 84-43 84-42 84-41 84-40 84-39 84-38 84-37 84-36 84-35 84-34 84-33 84-32 84-31

Ptoctofrondiculana adwna (Cushman) ................. ...............
P. mioconica Cushman ......................................... ........... o.7 -   -
P. spp. ._... ....,__.._.................__........... .-..-.,....--.-

P.aurtrufctelBatey) ..._.................................... 15.5 8.7 2.4 91.7 33.3 12.1 0.3 1.8 82 5.5 7.1 1.6 3.3 2.1 1.6
P. /M)txjfcfae(d'Orbigny) ......................................... ...............
PuOenia rnocenica Klelnpell .................................. - - -   - - - - 0.3 1.7 3.9 0.6 - 0.3
P. saMsbury/StewartandStewart .......................... ...............
P. subcaninatadOrbfgny ....................................... ...............
P. spp. .................................................................. ...............
rVSonXalsnSLoeblichandTappan .................... ...............
P. spp. ,._....................................._................... ...............
QutnquekxulinaaknefianatKMBigny .................. ...............
a/aewgaiad'Orttgny ........................................... 1.5 .............
O. spp. .................................................................. ...............
fleuseflasp. .......................................................... ...............
Rhabdammina sp. ................................................. ...............
ftosalina ct. A co/i/mbtensfe (Cushman) .............. ...............
A sp. .................................................................... ...............
floeadiasarvwynsieNatland .................................... ...............
A et A oa/vsjwnsisNatland ................................ ...............
A sp. .................................................................... ...............
Rotorbinelalomaenaie (Bandy) ............................ ...............
A vwstamife (Bandy) ........................................... ...............
Saccammina sp. ................................................... ...............
S/gmoHina tenuis (Czjeck) ..................................... .......... 0.4   - - -
S.torta (Galloway and Wtesler) ............................. . ... o.9 0.3 ---------
Siphotextulariaflintii (Cushman) ............................ ........... 3.3 ...
^onaaratf/nabo/fofdssd'Orbigny ......................... ...............
Spiroptoctamminasp. ............................................ ...............
Slainforthia concava (Hoeglund) ........................... ...............
SMbswmefla adolphina (d'Orttgny) ....................... ...............
S. spp. .................................................................. ........... 0.7 ...
Suggrundaspp. ..................................................... ...............
Tritarina anguloaa (WUIamsonj ............................. ...............
T. carinata (Cushman) ........................................... -   - - - - - - - - - - 0.3 1.0 1.0
T. d. T. carinata (Cushman) .................................. ...............
T. nogftes/(Galloway and Wisster) ........................ ...............
T. ocddentaHs (Cushman) ..................................... 0.9 4.0 0.6 0.9 1.2 0.9 0.8 7.2 - - 0.3
r/flocui&ha spp. ...................................................... ...............
Uwjennaautwnanad'Orbigny .............................. ...............
U.baggi Galloway and Wissler ............................. 7.3 ..............
U. curtfcos'a (Cushman) ........................................ ...............
U. hispidocostata Cushman and Todd .................. - . - - - - -1.5 - - 0.8 8.5
U. A*p#aSchwager ............................................. ...............
L/.nootefRanWn ................................................... - - - - - -1.8
U./uncea Cushman and Todd ............................... 10.9 3.1 - 2.8 47.9 4.3 - - 1.8 4.6 - - 8.5 2.1 2.6
U. peregrina Cushman .......................................... - -2.1 - - 70.5 26.7 8.3 41.6 28.7 1.7 0.7
U. of. U. peregrina Cushman ................................. ...............
U. aff. U, peregrina Cushman ................................ ...............
U. peregrina dirupta Todd ..................................... ...............
U.rustlca Cushman and Edwards ......................... .............. o.3
U.cf. U.rvstka Cushman and Edwards ............... .............. 0.3
U.sentlcosa Cushman .......................................... 10.9 0.6 1.2 - - 1.3 0.6 - 1.2 0.3 - - 6.0 1.0 1.0
V. aamitrtgonia Galloway and Wisster ................... . ... 1.7 ..........
U. spp. .................................................................. ...............
U.swiated'Orbigny ................................................ ...............
ValvuSneria araucana (d'Orbigny) ......................... - - - - - - - - - - 0.4 1.6 - - 0.3
V. caMornka Coalman (s.s.) ................................ ...............
V. spp. .................................................................. ...............

Foramlnileral number 110 327 328 36 117 305 337 326 329 348 240 307 331 291 383
Diversity 15 18 11 3 12 11 14 12 11 15 17 17 17 14 21
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Sample number

AfttdtGOtUG SD ......... .

A. stellalumCushnan and Edwards .....................
Su/ranste basap/na/a Stewart and Stewart ........
S cuffs Cushman . . .
a elegantisstna (dOrblgny) .. .. ........
B. subhislormie Cushman ......... ...... .....................
Bolivina argentea Cushman ..................................
fl girardensis Rankin ....... .. _ .. _ .. . ._ ..
B. interjuncta Cushman .........................................
tt.ct.B. Merjuncta Cushman ................................
a margfnata Cushman ..........................................
B peaudoepissa Kleinpell
B. sinuata Galloway and Wissler ..... ..... .................
a semiperiorata Martin ...................... ..... ..............
a sotntnuda Cushman _ ......................................
fl. all. a serrwiuda .. _ ....... __ ..........................
S spissa Cushman .... ..... . . ... ..... . ..m..
a sop. .................................................................
B vaughani 'Natland .
a t«xx*inaf'Kleinpelli ...........................................
Bucceita trigtia (Cushman) ..................................
a parterre Andersen .... .... ...................................
B tenofrima Bandy . ..
BulMna denudata Cushman and Parker ..............
a pagoda hebeeplnata Stewart and Stewart ........
a rostrala Brady ........ _ ............. _ .....................
a alt. a rostrala Brady .........................................
a subaccuminata Cushman and Parker ...............
a spp ..................... . .... ... ....
Cassidutna calHomica Cushman and Hughes ......

C. deticala Cushman .............................................

C. laevigata carinata Silvestrl ..............................
C. laevigata ifOtoigny ..........................................

Caasidulinatapliocenica Natland . ..... ...................
Cassidutna kxnitensie Galloway and Wissler .......

Cass«fc/*no*tes»nufePhleger and Parker ...........

C. toituosa Cushman and Hughes .....................

Ctxcktos Ws/dwriGaitoway and Wissler ..............

C. lobatu/us (Walker and Jacob) .........................
C. rnctonnai Galloway and Wissler .......................

Ci)»c«to/tfesftraal<i(Trauth) ..................................

Ctwxtesspp

Denlalina baggi Galloway and Wissler ..................

Ehrentiargina onwy/Cushman ..............................
Cjp/uriMla hannai (Cushman and Gram) ............
SjprWiwn frigittum Cushman ................................
E.guntorlCote .....................................................
£ d. £ 0unferiCole ............................................
£ sp.
£ transiucens Natland .........................................
£ tumklum Natland ..... _ ...................................
Eplstomineila bradyana (Cushman) ......................
£ paeffica (Cushman) ...........................................

84-30 84-29 84-28 84-27 84-26 84-25 84-24 84-23 84-22 84-21 84-20 84-19 84-18 84-17 84-16

1.0 .......

84.0 66.5 54.4 35.4 50.2 74.6 69.8 3.1 17.9 73.2 43.9 56.2 - 54.3 73.1

0.3 ---------
0.3 .........

 t.o .......

0.6 0.6 0.6 5.4 9.4 7.0 1.0 17.2 6.3 8.0 7.2 0.4 6.1 3.2

0.3 4.2   0.3 0.3 0.3
0.3 ...........

0.3 .............
0.3 ---------

2.9 3.9 0.7 - 1.0 2.6 - 0.9 2.6 21.5 0.3

1.8 - 0.3   11.9 - 5.4 3.6 12.4 2.5 0.3

1.3 16.4 21.1 13.9 ........--

0.6 - 0.6 1.0 5.3 2.8 4.0 12.9   0.3 1.0

1.0       - - - - 0.3
0.3 ----- 0.9 -  

0.3 1.0 -------

0.3 ...........

.

.

.

.

3.2 - 4.4 4.5   4.0 7.9 14.4 0.7 5.1 8.5 2.1 0.4 6.4 2.3
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Sample number

84-30 84-29 84-26 84-27 84-26 84-25 84-24 84-23 84-22 84-21 84-20 84-19 84-18 84-17 84-16

EpistomineHasuhpafuviana (Cushman) ................ ...............
£. sm*W(SUiwart and Stuwart) ............................ 9.9 - - 0.9 ..........
Fissurina alveolate (Brady) ... _ ............................ ............ o.4 - -
F. f
F. togferi(Cu«hman and Stainforth) ..._................ ..........
F.marginata (Montagu) ......................................... ..........
F. obscurooosttra Galloway and Wissler .............. ..........
F. ortxgnyana Sequenza ..................................... ..........
F. spp. . _  . . _ ______ . _ . ______ .... ..........
Fu/sentoteomufa (Cushman) ........ _ ............. ..........
F. xhretoeniana (Czjzsk) _ ... _ .. _ ................. ..........
F. spp. ........................................................... ..........
Gauriryi/waww/a Galloway and Wisstef . ...... ..... -   0.3 0.9 0.7 - - - 0.4
GtobobofcrenapacrffcaCushman ..... __ ............ ..........
e.w7u*a(d-Orbigny) ............. __ ....................... ..........
Gtabocasatfu/*wsub9W»sa (Brady) ................... - 6.1 10.1 1S.2 ... 4.1 ..

GyTOrtnaa/f/fcxmsStewartandSlewart .... ...... .... . ... 1.5
G. condom (Cushman and Schenck) .................... .....
G. muftfoeuttCoryell and Mossman ..................... .....
G. rf.Gmuffl/bcofeCoryell and Mossman ........... .....
G. soWantfd'Orbigny ............................................. . . . 0.3 .
G. spp. ............................... .................................. .-..-

H. niMula (Bandy) ................................................. ..... 0.3 -------
HaptophragmoHeaepp. ................................_...... ....... i.o .....
Hoeg/unc/ma a^sans (dOrtiigny) ......................... - - 0.3 - 4.2 ........
Lagena acuiiooeta Reuse ...................................... .............
L amphora Reuss .. __ ........... _ ...................... .............
LcosttttfWimamson) .......................................... - - - - - - - 1.0 1.3
L atongata (Ehrenberg) ........................................ .............
L. MatotefWaLoeblich and Tappan ......................... .............
L. hexagona (WIHamson) ...................................... .............
L taevis (Montagu) ................................................ .............
L. scalarlomlsvrmamson .................................... .............
L. setigofa MHIett ................................................. .............
L. sukata laevKostaCwhman and Gray .............. .............
L sonwsjrtaa Williarraon ....................................... .............
L spp. .................. _ . _ .. _ .............. _ ............. .............
L striata (d'Oroigny) . _ ........................................ - 0.6 0.3 0.6 0.9 - 0.9 ......
L. suteata (Walker and Jacob) ............................... .............
L vu&arisWiBiamson ....... _ ............................... 0.3 ............
L. «*Samson/(AlcocK) .......................................... .............
Len(cu*nacus/imara (Galloway and Wisster) ....... 3.2 2.9 0.6 0.3 1.2 - - - - - - - 0.4
L. spp. ........................ __ ................................. .............
Loxostorwm pseudobeyrichi (Cushman) .............. .............
M9ton«s6arteaamw(Williamson) .......................... .............
M. e/. M.pornp«afctee(FKchel and Moll) ............... 0.3 ...........
Mtlianminafusca (Brady) ...................................... .............
Nontonella auricula Heron-Alien and Earland ....... .............
N. basispinata (Cushman and Moyer) ................... .............
N. costlfera (Cushman) ......................................... .............
A(. jraiocan/ca Cushman ......................................... - - - - - - - 10.3
N. spp. .................................................................. ............ o.9
N. Stella Cushman and Moyer ............................... .............
Nodosaria anomala Regss .................................... .............
N. lametlata Cushman and Stainforth ................... .............
N. tongiacata d'Oroigny ......................................... .............
N. spp. ................._............................................... .............
Womb/7 spp. ........................................................... .............
OoUnarneto d'Oroigny ........................................... .............
OmtorsafemuMsanfuslKoch) .............................. ... 2.7 .........
O. i/mbonartw(Reuss) .......................................... - 0.3 - - -   3.1 0.7 - - - 3.4
Onbomoiphina aH. O.rohri (Cushman & Stainforth .............
O. spp. ............. _ ................................................. .............
Par-Jiwonna spp. .................................................. .............
Pfanuftaanirranensisd'Orblgny ............................ .............
P. aroma Phleger and Parker ............................... .............
P. omafa(d'Orbigny) ............................................. .............
P. cf. P. omafad'Orbigny ...................................... ...... o.9 ------
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Tffi(a ____ Sample number

84-30 84-29 84-28 84-27 84-26 84-25 84-24 84-23 84-22 84-21 84-20 84-19 84-18 84-17 84-16

PkKtotrondicularia advena (Cushman) ................. ...............
P. mfoesnfca Cushman ......_........__._........._._.... 1.0 1.0 0.3 0.9 0.3
P. spp. ......... _ ..................................................... .-..--.........

P. auriculata (Bailey) ............................................. 0.6 - - -1.5 0.3 0.3 48.5 22.5 5.5 - 3.6 2.6   1.0
P. popoWes (d'Orbigny) ......................................... ...............
Pullena mkxenica Kleinpei .................................. 1.0   0.3 1.8 0.3 - - 2.1 0.7 0.8 - 1.5 5.6
F. saHstxoyiSteuart and Stewart .......................... ...............
P. su6ea/ina»a d'Orbigny ....................................... ...............
P. spp. ....................................... _ ...................... ...............
Py/jorottfcriaLoebliehandTappan .................... ...............
P. spp. ................................................................. . 0.6 ....... 0.4 -----
Quftx/uetocutfrwatoieriana d'Orbigny ................... - 0.9 1.8 0.3
Q./aevfoa/ad-Orbigny ........................................... ...............
Q. spp. .................................................................. ...............
R«ise//asp. .......................................................... ...............
Rhabdamrnnasp. ................................................. ...............
RosaHna d. a. colimbiefisis (Cushman) .............. ...............
R. sp. .................................................................... ...............
Roralia^arvwynsaNatland ................................... ...............
B. d. R. garveyensie Natland ................................ ...............
R sp. .................................................................... ...............
Rotorttnella tomaensis (Bandy) ............................ ...............
R verafomis (Bandy) ........................................... ...............
Saccammna sp. ......................................... _ ....... ...............
Sigmoillna lemjis (Czjeok) ..................................... ....... 1.0 .......
S. torta (Galloway and Wtesler) ............................. ...............
Siphcteaoutafiafllntti (Cushman) ............................ ...............

Spiroptectamminasp. .................
Sfa/ntortn(aconcava(Hoeglund) .

S. spp. .................................................................. ......
Suggrundaspp. ..................................................... ......
Trifarina angulosa (Wifflamson) ............................. . . . . . o.3
T. camata (Cushman) .......................................... 0.6 0.6 1.3 0.9 0.6
T. d. T. carinata (Cushman) .................................. ......
T. /luj/ws/ (Galloway and Wisster) ....................... . .... o.3
T. ocoMwirafo (Cushman) ..................................... ......

Uvtgerina auberiana d'Orbigny .............................. ...............
U. (jagj/GaltowayandWisster ............................. ... \^ ...........
U. cunkosta (Cushman) ....................................... ...............
U. hispktocostaia Cushman and Todd .................. ...............
U. hispida Schwager ............................................. ...............
U. /loots/ Rankin .................................................... ...............
U.juncea Cushman and Todd ............................... 2.9 0.3 10.4 6.8 7.3 - - - 1.3 0.8 1.1 1.0 0.9
U.pengrina Cushman .......................................... ----- 5.4 5.5 4.1 17.2 3.9 27.9 9.3 9.0 29.4 18.8
U. d. U. persgrma Cushman ................................. ...............
U. an. U. pgregrina Cushman ................................ ...............
U. peregrina dirupta Todd ..................................... ............ 0.4
U.mstica Cushman and Edwards ......................... ...............
U. d. U. eustica Cushman and Edwards ............... ...............
U. senticosa Cushman .......................................... - 4.5 - 5.7 3.3 1.3 5.2 1.0 0.7
U. aenMgonia Galloway and Wlsster ................... -    - 0.6 - - O.a - - 22.7 - 0.3
U. spp. .................................................................. ...............
U.striata d'Orbigny ................................................ ...............
Va/w*neria araucana (d'Orbigny) ......................... .......... o.3 18.0
V. caUtornica Cushman (s.s.) ................................ ...............
V. spp. .................................................................. ...............

Foraminifaral number 313 313 318 336 331 299 328 97 151 254 351 194 233 326 303
Diversity 11 16 12 19 20 17 14 18 13 11 9 10 16 9 3
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Sample number

84-15 84-14 84-13 84-12 84-11 84-10 84-9 84-8 84-7 84-6 84-5 86-101 86-100 84-4

Astacolucsp. .................... _ .......... _ .................. ...............
Astrononlon sp. ... _ .. __ ......... _ ....................... ...............
A. sfe/farum Cushman and Edwards .... _ ............. ...............
Bu/iminailabasieptnata Stewan and Stewan ........ ...............
B. curtaCushmart ........................................... _ .. ...............
B. &/e0afltisvftnft (dOrbigny) ....   ......................... ...............
S. subfucformisCusbmart ........ _ ...................... ...............
SoMrfniafganteaCushman .....   .................. _ ...............
S. Sira/dansw RanWn ........................................... ...............
a Merjuflda Cushman ......................... __ ........ 54.3 45.8 8.0 2.1 7.5 - 0.8 3.6 2.3 5.7 0.4 - - - 0.3
B. c/. B. inttfjunctoCuBhman ............... _ , __ ... . ...............
B. ma/gfoafa Cusnman ............ _ ..................... _ . ...............
a pseoo(D6piBsa Kleinpell . ..__. _ ................... .............. 0.3
B. s/m/a«a Gateway and Wissler ............. __ ..... ...............
B. sampoffofata Martin ............................... _ ...   ...............
S. seminodaCushman ...... _ ........... _ ............. . . . o.e ...........
B. aff. B. seminuda ....... _ ......................... _ ... _ ...............
B.Sjpiasa Cushman ...... _ .................................... 2.7 5.2 10.2 4.5 4.9 1.0 - 9.8 11.6 19.8 12.3 0.3 0.7 10.8
B. spp. .... _ ........ _ . ___ .... _ ........................ ...............
B. vaughaniNattani . ..... ........................................ ...............

Buccefe Irtgtfa (Cushman) ................................... ...............
B.parkarae Andersen ........................................... ...............
B. tenerrima Bandy ................................................ ............ o.3 - -
BulHnna donudata Cushman and Parker .............. ...............
B. pagoda rtebospma/a Stewart and Stewart ........ ...............
a /-osfra/a Srady ................ __ ........................... ...............
B. aff. B. rostrate Srady ............................ _ ........ ...............
a subaccvminata Cushman and Parkar ............... ...............
B, spp. ......... .. ...... ..................... . ..... ... .-..-.-.----- .
Cassauinaaltiomka Cushman and Hughes ...... 0.4   4.9 0.7 7.2 1.2 3.0 - - -   1.1
C.cushmani Stewan and Stewan ......................... - - 1.5 ............
C. defcafa Cushman ......................... __ ............. - - 0.4 ...........
C. dapfsssaAsanoandNakamura ....................... ...............
C.*wW&ara<a/*««aSHvestri .............................. - - - - - - - - - - 0.8 11.2
C. fewfcafad'Orbigny ........................................... 0.8 0.7 2.7 0.3 0.3 28.3 2.7 - 1.2 12.6 0.4 - - 3.8
C.Hmbata Cushman and Hughes ......................... ...............
C&stftMMap/fccanfcaNatland .......................... ...............
CaasUulna tariunsie Galloway and Wtester ....... ...............
C.rrmuta Cushman ................. __ ...................... ...............
C. obtonga Reuss ........................... __ .............. ...............
Casstfu/ftxiWsswnuwPhleger and Parker ........... ...............
Cassidtflnaspp. .............................................. _ .. ...............
C. tortuosa Cushman and Hughes ........................ ...... o.4 ........
C. transkiscens Cushman and Hughes ............... . ...............
C.d. C. iranslusoens Cushman and Hughes .......   -   - - - - - - - - - -
C/MtasfwnefeooflnaScnwagef ... _ ..................... ...............
CUoxtes Oetcheri Galloway and Wissler ............... 0.8 2.3 1.5 4.5 - 1.0 0.8 3.3 - 7.8 6.2 7.0 - 3.8
C.d. C. /fetefteri Galloway and Wissler ................ ...............
C.bbatulus (Walker and Jacob) ........................... 0.7 ........ rj.9 - . . .
C.mdomai Galloway and Wissler ...................... ............ 4.6 - 0.3
C. d. C. mdcannai Galloway and Wissler ............. ...............
CtooAwtes bradyt <Trauth) .................................. ...............
C. m<etfwsrartH(Schwager) .................................. ...............
CfcfcKfcBSpp. .............................. __ ................... 0.4 ............
Cycfemm/naspp. ................. _ ............................. ...............
Oenlatna baggi Galloway and Wissler .................. ...... o.4 ........
D. spp. ........................................... _ ................ 0.3 .............
Discorbie sp. _ ...................................................... ...-.....-.---.
Dyoobfciteepertorafos Cushman and Valentine .. ...............
Ehrenbarglna bradyiCustman .............................. ...............
Elphidiella hannai (Cushman and Grant) ............ ...............
Elphidkim Irigidum Cushman ..... _ .... __ .......... ...............
£. guntoriGoto .......................... _ ........ _ . _ ....... ...............
£ cf. £. gunteriCole ............................................. ...............
E. sp. ...................................................... _ ........ ............ . .
EfransfoCBnsNatland ... _ .................................. ...............
£. (urnMumNatland ............................................... -   0.4 ............
Epistominella bradyana (Cushman) ...................... ...............
£ pacfflfca (Cushman) ........................................... 0.4 17.0 37.1 63.9 0.3 4.6 3.5 2.0 5.2 6.3 0.9 2.2 2.0 1.1 4.4
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Taxa
Sample number

84-15 84-14 84-13 84-12 84-11 84-10 84-9 84-8 84-7 84-6 84-5 8S-101 86-100 84-4 86-99

Epistoamellasubperuviana (Cushman) ................ ...............
E sm*r>/(StewartandStewart) ............................. ...............
Hs*urihaaA«o<ara(8rady) .................................... ...............
F. bocpon000RMn&i>(Boomaart) ........................... ...............
F.kugtori (Cushman and Staintorth) ..................... ...............
F. marginals (Montagu) ......................................... - - 0.4 - - - 0.4 ........
F. obsarooos/a/a Galloway and Wlsster .............. 0.4 ..............
F. o*/gn/anaSequ»nza ....................................... ...............
F. spp. .........._................................................... ...............
Fuisonkoina comuta (Cushman) ........................... ...............
F. schrotjeraiana (Czjzak) ..................................... ...............
F. spp. .................................................................. ...............
GaiK*yra aiwnaria Galloway and Wtesler ............ - 0.7 1.1 - -   - - - -0.9     0.5
GlobobuliminapacHkaCu&bmar, .......................... ........... 4.2 4.3 - 4.0
G. pyrula (d'Orbigny) ............................................. ......-..--....
Gtobook^u/masuoj/ooosafBrady) ................... - - - -   - - - 2.1 4.8
Glamtutna laemgata (d'Orbigny) ........................... ...............
Gyrotfmaa/hforrnfeStewartandSlawart .............. ...............
G. condon/(Cushman and SchencK) .................... ...............
G. muttflocula Coryell and Mossman ..................... ...............
G. cf. G/nufftocufaCerye* and Mossman ........... ...............
G. so*ten« d'Orbigny ............................................. ...............
G. spp. .................................................................. ...............
Hanzawala HingHNMab) ...................................... ...............
H.n*Mula (Bandy) ................................................. ...............
Haofepnrajmcwteespp. ........................................ ...............
HosjU/noftwatogans (d'Orbigny) .......................... ...............
Lagena acutlcosta Heuss ...................................... ...............
I. amphora Reuss ................................................. 0.3 .............
L costala (WIHiamson) .......................................... ..... 0.3 o.4 --------
L etongafa (Ehrenberg) ........................................ ........ 0.6 0.3
L l/atulenta Loeblteh and Tappan ......................... ...............
L hexagona (WIHamson) ...................................... ...............
L.tievie (Montagu) ................................................ ...............
LsraferifamSVVIillamson .................................... ...............
L s&igera Miflett ................................................... ...............
L. sulcata laevicosta Cushman and Gray .............. ...............
L-semfeMafaWlliiamson ....................................... ...............
L spp. .........._...__...................................... ...............
L striata (d'Orbigny) .............................................. - - - - - - 0.8 - - - 0.4 0.8 0.7
L suteafa (Walker and Jacob) ............................... ...............
L w/garisWiliiamson ............................................ ...............
L w«liamson/(Alcock) ........................................... . .... 0.3 .........
Lenliculinacushmani (Galloway and Wssler) ....... ...............
L. spp. .._._..._............................................ ...............
Loxostomumpseudobeyrichi (Cushman) .............. ...............
Metonfc&arteeanus(Wi!liamson) .......................... ................
M.cf.M.pofnpi-foWesfFitchel and Moll) ............... ...............
UiHammina tueca (Brady) ...................................... ...............
Nonkmetla auricula Heron-Alien and Earland ....... ...............
N.bastspinata (Cushmanand Moyer) .................. 0.3 0.4 - - - -
N. costifera (Cushman) ......................................... ...............
N. mtocwifea Cushman ......................................... ...............
N. spp. .................................................................. .. o.4 ------------
N.stella Cushman and Moyer ............................... ...............
Nodosarla anomala Reuss .................................... ...............
N.lameUata Cushman and Stainforth .................... ...............
N.kmgiscala d'Orbigny ......................................... ...............
N. spp. .................................................................. ............. o.5 -
rVombnspp. ........................................................... ...............
Oottiame/Dd^Orbigny ........................................... ...............
OrMwsa*mu»*«pfus(Koch) .............................. ...............
O. umbonarus(Reuss) .......................................... ------ 0.4 8.5 -   13.7 - 0.3 i.t 0.7
Orthomorphlna all. O. rohri (Cushman & Stalnforth ...............
O. spp. .................................................................. ...............
ParaftBsurina spp. .................................................. ...............
WanufinaanrnfoensfedOrbigny ............................ ...............
P. aroma Phleger and Parker ............................... ...............
P. omafa (d'Orbigny) ............................................. ...............
P. cf. P. omafa d'Orbigny ...................................... ...............
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Taxa

P. nubcwifca Cushman . ........ ............. ..... ..............
P. spp. ..........  ...... .. ..._.. ____ ................
PrsootohotxitiFfiina sffifiit WQrbkjnY)
P auricula!* (Bailey) ...... .....

P. saHebutyi Simian and Stewari ......................... 
P. subeartnaodtJrWgny _ .................................
F spp .........
Py/po rofafana Loetolk* and Tappan .. ..... ............
P. spp. ... ..
Qi'inquetoculina akneriana dOrbigny ...................
0. feevgarad'Orbigny . _ .....................................
O spp - ..... . . .

Rr,abdamnna sp. .................................................
Rosalina ct. R. co/umtwnsis (Cushman) ..............
R. sp. . .... .. .... .................. . ... .............
Rolafa garveynsis Natland ...................................
R.cf. R. ganeyenais Natland ................................
R. sp.
Rolorbineta kmaoneis (Bandy) ............................
R. versilormis (Bandy) _..._..._.............._........_....

S. Wrta (Galloway and Wlssler) .............................
S'photextularla nintii (Cushman) ............................
SphaeroUlna tu/ta/oesd'Orbigny ..........................
Spiroptectamrrdna sp. ........_..................................
StaMoethia concava (Hoeglund) ...........................

S spp ........... ......... ........... . ... ...
Suggruncta spp. .....................................................
Tiifarina angutoea (Wllllamson) .............................
r. cartnafa (Cushman) ...........................................
T. d. T. carinata (Cushman) ..................................
T. AugAee/(Galtoway and Wlssler) .......................
T. ocddentalis (Cushman) ....................................
Trtioculina spp. ....... ......................_.....................
LMgerina aubwisnad'OrtHgny ..............................
U. baggiGattonay and Wester .............................
U. cuMcosta (Cushman) . ..... .................................
U. hispKlocostata Cushman and Todd ..................
U. MspfcteSchwager ............................................
U. /x»(s/Hankln ....................................................
U. juncea Cushman and Todd ..............................
U. peregrina Cushman __......................................
U. d. U. peregrine Cushman .................................
U. aft. U.peregrlnaCusbman ................................
U. petegrina dirupta Todd .......................... ..........
U. rustica Cushman and Edwards .........................
U. d. U. rustica Cushman and Edwards ...............
U. sentlcosa Cushman ..........................................
U. semitrigonia Galloway and Wisster ...................
U. spp. ... .... ... ..... ..... ...... . ..
U. sWattd'Orbigny ...............................................
Valwtinoria araucana (d'Orbigny) .........................
V. caHomtca Cushman (s.s.) ................................
V spp. ...... ..... ...........

Foramlnieral number
Diversity

Sample number

84-15 84-14 84-13 84-12 84-11 84-10 84-9 84-8 84-7 84-6 84-5 86-101 86-100 84-4 86-99

0.3 .............

0.3 ...........

0.3

2.3 2.3 5.7 - - 9.5 9.3 3.0 8.1 4.5 13.7 - - 23.7 

0.8 0.7 1.9 - - 3.9 0.4 0.3 3.5 1.1

.

0.3 ---------- 0.3 - -

0.3 0.4 - - 0.5

0.3

0.3 -------------

0.4 - - - 0.3

1.6 0.8 0.3 -------

0.3

0.8 2.3 6.8 --------- 1.0 - 24.5

35.9 20.6 15.9 23.0 86.2 40.1 77.0 61.6 66.9 39.9 44.1 84.6 73.9 52.2 64.8

0.3 - 1.0 0.6 0.3
.
.

0.8 0.6   1.0 - - - 0.3

0.4 0.3 - - - - 0.4 3.6 -------
.

0.3 .... 0.4 ....
.

 

256 306 264 330 305 304 257 305 172 333 227 357 303 186 298
12 17 18 9 6 15 17 12 9 12 15 7 13 12 10

104



Sample number

84-3 86-98 86-97 84-2 86-96 86-95 84-1 36-106 84-76 86-107 86-108 84-77 86-109 86-1 84-78

............. _ ..................................... ...............
Astrononton sp. ................... _ .... _ ...................... ...............
A. sfe&fumCushman and Edwards ..................... ...............
SiMneMbastfpinate Stewart and Stewart ........ ...............
fl. curls Cushman ........... _ .................................. ...............
fl.8te0a/>«ss*na<d'Orblgny) ................................. ...............
fl. subfuoioffnis Cushman .. __ ........................ ...............
Bdivin* argentoa Cushman ..... _ ................ _ ... ...............
fl. girardensis Rankki .. _ ..................................... ...............
fl. intofuncta Cushman ........................................ - - 34.8 - 80.0 70.1 57.1 54.6 43.2 52.8 58.9 - 58.5 51.2 84.6
B.cf. B. inttrjuncta Cushman ................................ ...............
a marginata Cushman .......................................... ...............

a sinuata Galloway and Wissler ........................... ..............
a semtpartorata Martin ......................................... ..............
fl. seminuda Cushman ......................._............... ..............
fl. aff. a serrtnuda ............................................... ..............
B.sptesa Cushman ............................................... 2.1 - 0.6 - - - 0.6 0.9 4.1 1.8 1.4 - 1.5 1.8
fl. spp. .................................................................. ........... 3.4 ..
fl. vat^/ian/Natland .............................................. ..............
fl. mxxWngi'Kleinpelli ......... ...._.......................... ..............
Buccetafrigida (Cushman) ................................... ..............
fl. psrk0fS0 Andersen ........................................... ..............
fl. tenerrima Bandy ._.......................................... ..............
BuUm'nsdenudata Cushman and Parker ............. ..............
fl. pagoda hebespinata Stewart and Stewart ........ ..............
fl. rostrata Brady ............_................................. ..............
fl. aff. a rasfrafaBrady ......................................... ..............
B. subacomfnats Cushman and Parker ............... ..............
a sop................................................................... ..............
Cassidulina calitomiea Cushman and Hughes ...... 1.0 0.9 0.6 ----- 0.3 0.3 - - - -
C.cushmanl Stewart and Stewart ......................... ..............
C.deHcata Cushman ............................................. ..............
C. depraessfsano and Nakamura ....................... ..............
C. JaswgaMcanhateSHvestrl ................................ - - - -0.2 1.9 -1.9 - - 0.6   0.9
C. bev/gattdOrblgny ........................................... 3.1 ----- 2.4 -------
C.limbata Cushman and Hughes ......................... ..............
CassWulinetep/ibcenfcaNatland .......................... ..............
Casstfulna to/TOtsns«s Galloway and Wissler ....... ..............
C.imHM Cushman ............................................... - - 0.3 - - - - - - 0.3 0.3 - 0.6
C. oblongs Reuss .................................................. ..............
CassautnoiOoe ram/is Phteger and Parker ........... ..............
Cassidulina spp. .................................................... ..............
C.tortuosa Cushman and Hughes ........................ ..............
C. Iransluscens Cushman and Hughes ................. -------- 0.3 - - - - 3.9
C. d. C. transluacens Cushman and Hughes ....... ..............
ChUostomela ooHna Schwager ............................. ..............
Cfc/odeste/c/Wrt Galloway and Wissler ............... 9.4 7.0 9.8 1.3 - 0.2 0.3 0.3 0.3 0.3   - 1.5
C. cf. C. flefchsrfGaitoway and Wissler ................ ..............
C. fooatu/us (Walker and Jacob) ........................... .............
C.mckamai Galloway and Wissler ....................... - - 0.3 ........... 0.8
C. cf. C. mc*ann»Galtoway and Wissler ............. .............. rj.3

C. wueHerstorlli (Schwager)

Cyclamminasffi. ................................................... ...............
Dentaknabaggi Galloway and Wissler .................. ......... 0.6 - - - - -
D. spp. .................................................................. ...............
Oisoo/ofesp. .......................................................... ...............
Dyocticioea perforatus Cushman and Valentine .. ...............
EhrenbeiginsbradylCusbnun .............................. ...............
ElphKHellahsnnai (Cushman ^nd Grant) .............. ...............
Etphidiumfrigaum Cushman ................................ ...............
E.gunteriCote ....................................................... ...............
£ cf. £ jonleriCole ............................................. ...............
£ sp. .... _ .......................................................... ...............
£fransfueensNatland .......................................... ...............
£ tumutum Natland ............................................... ...............
Epistomine1labradyana{Cushtran) ...................... ...............
£ paciflca (Cushman) ........................................... 1.0 - 1.2 18.2 - - 0.9 - 1.8 - 0.6 - - - 0.5
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Taxa Sarrple number

34-3 86-98 86-97 84-2 86-96 86-95 84-1 86-106 84-76 86-107 86-108 84-77 86-109 86-1 84-78

Epfetomhafla subperuviafu (Cushman) ................ ...............
£ smrM(Stewart and Stewart) ............................. ------- 0.9 - 0.3     0.3 -
KMuriMatoaofettCBrady) .................................... ...............
F. bottjonoff&oonsiB (Boomaart) .......   ................ ...............
F. ta/0tori<Cushman and Stainforth) ._................. ...............
F. marginata (Montagu) . __ ........... _ .............. ...............
F. otecurocostara Galloway and Wteskw .............. ...............
F. ofbtffnyana Sequenza ____ .»»... _ ........... ...............
F. sop. ...... __ .. __ . __ .._ __ .............. ...............
Furaenkotoa comma (Cushman) ....   .. ..... ........... ...............
F. scnr«b»rslana(Cztzsk) . _ ....  ___ ............. ...............
F. spp. _ . .. _____ __ ................................ ...............
<3audrpimarenana Gateway and Winter ............ 1.0 ..............
GWjobuHmmapacrffcaCusfiman .......................... - 2.3 1.5 - - - - 0.3 -0.3 - - 0.3 0.9
G. pcrute (d'Orblgny) ........ ___ ........................ ...............
GtoixxsH»tfu/«r)asubg/obasa(Brady) . ...... ............ ............. o.3 -

&ara(d'Orbigny) ........................... ...............
ife Stewart and Stewart .............. 2.3 .............

G. condor)/ (Cushman and Schenck) .................... ...............
6. muflftocub Coryeil and Mossman ..................... ..... Q.J .........
<3. <rf. G.mu/t*wi;fe Coryell and Mossman ........... ...............
G. soWannd'Orbigny ............................................. ...............
G. spp. .................................................................. ...............
Hanzawaia IHngi (Hottalt) ...................................... ........ 0.3 ......
H. ntidula (Bandy) ................................................. ................
Haptop/iragmo/etesspp. ....................................... ...............
Hoegkmdina slogans (d'Orblgny) ......................... ...............
Lagena acuticosta Reuss ...................................... ........ o.9 ......
L. amphora Rauss ..... _ .................................... ...............
i..oosa(a(Wllliam»on) ......................................... ... 0.6 -----------
L etongaw (Ehrenberg) ...... __ ...................... ...............
L. WatotonteLoebllchandTappan ......................... ...............
L. hexagons (WBKamson) . __ .............................. ...............
t.fewe (Montagu) ............................................... ...............
L seafenitormfeWilllamson .................................... ...............
tseffcsraMiHett ..........._...................................... ...............
L. svkata laevicosa Cushman and Gray .............. .............. o.3
LsemiSWilaWllllamson ............... _ ................... ...............
L SOD. ..................... _ .............. _ . _ ............... ....---...-....

L strata (d'Orblgny) ........... _ .._.......................... - 1.4 0.3 1.3 - - - 0.3 0.3 0.3 0.3 - - 0.3 0.3
Lsufcata (Walker and Jacob) ............................... ...............
L. w/<ge/feWH11amBon ............................................ ...............
L t»#«amson/(Alcook) ........................................... .............. o.3
Lentcutnacushmani (Galloway and Wssler) ....... ...............
L. spp. . _ ................... _ .................................... ...............
Loxostomumpaaudobeyrichl (Cushman) .............. ...............
M«/oo«6arfeeanus(Wllliamson) .......................... ...............
M. cf.M.pomplHoldes(FtKltoanttU<M) ............... ...............
MHiammina fuaca (Brady) ...................................... ...............
NontomUa auricula Heron-Alien and garland ....... ...............
N. basispinata (Cushman and Moyer) ................... ...............
N. oostHera (Cushman) ......................................... ...............
N./riocenka Cushman ......................................... ... 1.3 ...........
W. spp. ....................... _ ....................................... ...............
N.stella Cushman and Moyer ............................... ...............
Nodosaria anomala Reuss .................................... ...............
M/ame/iata Cushman and Stainforth .................... ...............
N. toflgfccatad'Orbigny ......................................... ...............
N. spp. .................................................................. ....-.-...--...
Atontanspp. ........................................................... ...............
Oo/inametod'Orbigny .......................................... ...............
O*to~s/fcmu»ssptus(Koch! .............................. ...............
O. umbonatut (Reuss) .......................................... - 9.3 4.8 3.1 - - - 0.6 - - - - 0.3 0.9
Ortbomorphina an. O. rohri (Cushman & Stainforth ...............
O. sop, ................................................................. .....-----.--..
ParafflsTOrtnaspp. .................................................. ...............
P/anuftiaartrfneostod'Orbigny ............................ ...............
P. «roma PMeger and Parker .............................. ...............
P. ornate (d'Orblgny! .... _ .................................... ...............
P. cl. P. omatad'Orbigny ...................................... ...............
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_ Sample number 
Taxa ____________________________________

84-3 86-98 86-97 84-2 86-96 86-95 84-1 86-106 84-76 86-107 86-108 84-77 86-109 86-1 84-78

.............. ......... o.9
P. moconica Cushman ......................................... ...............
P. spp. ..................... _ ........... _ ...... _ ............... ...............
Pracgtobobutfrnftiaafflbfefd'Orbigny) . ........ .......... ...............
P. aurculala (Bailey) ............................................. 2.1 - - 1.3 - - 0.9 -2.1     96.6
P. pf^xwtee (d'Orbigny) ......................................... .............
Pu/fenfe miocenfca KlelnpeH ..................................   4.2 0.9 7.5
P. saAbwy'StewartandStewart ......................... ...............
P. soOcarinaadOrbigny ....................................... ...............
P. spp. .............. _ ............................ _ ............. ...............
Py»jo /Wafer* Losblich and Tappan .................... ...............
F. spp. .................................................................. ...............
QuAMfoatocuftMatowrfanad'Orbigny ................... ...............
Q. laevigata d'Obigny ........................................... ...............
Q. spp. .................................................................. .............. o.3

Rhabdammina sp. ................................................. .............
Rosatina cf. R. co/umbionsis (Cushman) .............. .............
R. sp. .................... _ ............................................ .............
RotafagangynasNaOana .................................... 0.5 ...........
R. cf. R. garveytnsiaNattami ............................. .............
R. sp. .................................................................... .............
ftottxftMafemaerufe (Bandy) ............................ ............ o.3
R. veraflbmfe (Bandy) ........................................... .............
Saccammina sp. ... _ ............................................. .............
S/jmo///na (enuis (Czjeck) ..................................... 1.9 ...........
S. forta (Galloway and Wissler) ............................. .............
SiphotaxtularianinW (Cushman) ........................... .............
SpftaeroW/nabu/toAfaed'Orbigny .......................... .............
Spwop/ecfammhasp. ............................................ .............
Stainforthlaconcava(Hoegluml) ........................... .............
Stibslomeiie adotpbina (d'Orbigny) ...................... .............
S. spp. .................................................................. .............
Suggrunda spp. ..................................................... .............
TrfBarinaangiutosa(Wllliamson) .. _ ..................... . . . . . o.2 .......
T. cartnata (Cushman) ........................ _ ............. .............
T. cf. T. carinata (Cushman) .................................. .............
7. hughosi (Galloway and Wlsster) ........................ .............
T. ocddontaHe (Cushman) .................................... .............

Uvigerina auberiana d'Orbigny .............................. ...............
U. ta0s»Galloway and Wisster ............................. ...............
U. cunicosta (Cushman) ........................................ ...............
U. HsfMooostata Cushman and Todd .................. ...............
U. MspWaSchwagef ............................................. ...............
U. hootsi Rankin .................................................... ....... 0.6 ----- 0.6 -
U. juncoa Cushman and Todd .............................. - - 2.4 - - 1.7 - 1.2 0.9 1.2 0.3
U. pemgrlna Cushman .......................................... 78.1 65.4 40.2 59.7 19.8 25.5 37.7 38.3 44.4 40.7 37.8 - 35.5 38.9 10.7
U. cf. U. peregrina Cushman .._.......................... 1.0 ..............
U. alt. U. pomgelna Cushman ............................... ...............
U.pengrinaditvptalaM ..................................... ...............
U. rustica Cushman and Edwards ......................... ...............
U. cf. U. rustica Cushman and Edwards ............... ...............
U.senticoea Cushman .......................................... ...............
U.sentiMgonla Galloway and Wisster ................... ...............
U. spp. ..........................._.................................. ...............
U.striata d'Orbigny ................................................ ...............
Vah/ullneria araucana (d'Orbigny) ......................... 1.0 4.7 2.4 5.7 - - - - 1.2 0.3 - - 0.6 0.3
V. caHfomica Cushman (s.s.) ................................ ...............
V. spp. ...................._....__.............................. ...............

Foraminiferal number 96 214 336 159 420 411 329 324 338 339 360 29 330 334 364
Diversity 10 11 14 10 3 7 7 11 13 13 8 2 10 13 11
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Taxa ____________________________ Sample number ___________________________

86-110 86-111 86-112 84-79 86-2 84-80 86-113 86-3 86-4 86-5 86-6 86-7 86-8 86-9 86-10

Asftuofassp. ........... _ .................... _ ............ ...............
Astfononfon sp. ......................................   ........... ...............
A. aMlatum Cushman and Edwards . ........... ......... ...............
BulmineOabasi^inala Stewart and Stewart ........ ...............
a cu/Ta Cushman .................................................. ...............
S. etesantewna (dOrbigny) ................................. ...............
a suWustormte Cushman   .............................. ..;............
Boltvina argent»a Cushman ................................. ...............
B, girardensis RanWn ... __ ............................... 2.9 0.6 0.2 ............
a intorjuncta Cushman ...... ......................... ........ .. 27.3 50.3 51.8 84.6 - 92.1 70.4 90.2 87.1 90.6 90.0 86.5 93.7 83.8 83.2
ft d. a intorjuncta Cushman ..... _ .. _ ................ ...............
8. fnarginata Cushman ......... _ ........................... ...............
S-pssoctepesaKteinpell ..................................... 0.6 0.6 0.2 0.7 0.3 0.3 ----- 0.5
Estonia Galloway and Wtaler ................ ......... .. ...............
.9. s«npefforafa Martin ............... _ .................... - - 0.2 ............
a seminuda Cushman ................... _ ................. 0.9 - 0.5 ............
a aft a serrtnuda .................................... _ .... ...............
a spissa Cushman ....................... __ ................. 4.6 1.7 1.4 0.3 - - 1.2 1.0 0.9 1.3 0.9 0.3 - 0.5 0.7
a spp. ......... _ .................................................. - - - - 1.8
B. vaug/wn/NalLand .............................................. 0.6 - 0.2 ............
B, wooofiftffi Kteinpfltli ..,..,»...........,,.....,,.,..,.,......,.. .....-.-.--.--.
fluccete IrigUa (Cushman) ................................... ...............
fl parterae Andersen ........................................... ...............
B. tenerrima Bandy ................................................ ...............
Bulim/naOenudata Cushman and Parker ............. ...............
B. pagoda hebeepinata Stewan and Stewart ........ ...............
B. rostrata Brady ........................................... _ .... ...............
a aft B. roetrata Brady ......................................... ........ ......
a subaccumMa/a Cushman and Parker ............... ...............
a spp. .. _ ................. __ ................................... ...............
Casstiulina califomka Cushman and Hughes ...... - 0.3 0.2 0.9 - 0.3 0.2 - 0.9 .....
C. cushmant Stewart and Stewart ......................... ...............
C. doticata Cushman . _ , _ ................................... ............. 0.3
C. depreesa Asano and Nakamura ....................... ...............
C. taew&aiacaninattSiVestri ................................ 3.2 0.6 0.2 - - - 0.2 --------
C. feewgafadOrblgny ........................................... ...............
C.Sntoata Cushman and Hughes ........................ ...............
CasstfufewtfaptocamcaNatland .......................... ...............
Casettuftutonflensfe Galloway and Wissler ....... ............ o.2
C. mfcwa Cushman ............................................... 3.7 1.4 68 - - - 0.2
C. oblongs Reues .................................................. ...............
CasstfufnofcfeslenubPhleger and Parker ........... ...............
Cassittullna spp. .................................................... ...............
C.toriuosa Cushman and Hughes ........................ ...............
C. transluscens Cushman and Hughes ................. - - - 1.2 - 1.9 -0.3 0.3 2.6 - 0.6 - 0.3
C.d. C. transtuscens Cushman and Hughes ....... ...............
Chlostomata ooHna Schwager ............................. ...............
Ctoortss I'tefcfteri Galloway and Wisster .............. 6.0 0.6 - 2.9 - - 1.7 0.6 4.7 1.3 - 1.0
C. cf. C. flefefwm Galloway and Wissler ................ ..... 0.3 ---------
C. ibbato/us (Walter and Jacob) ........................... ....... o.3 ----- 0.3 -
C. nWkannaiQalloway and Wissler ....................... - 1.4 5.2 - - - 0.5 - - - - - - 0.3
C. d. C. rnckanna/GaHoway and Wissler ............. ...............

C. wuallerstorfti (Schwager) ..................................
C&cidee spp. ............ _ ..... _ ..............................
Cyclamminaspp. ..................................................
DentainabaggiGalto*ay and Wissler ..................
0. spp. _ ............................................. _ ............
O&cordfesp. ... _ ..... _ ........................................
Dyocbkides pertoraSus Cushman and Valentine .. 
Ehrenbeigtna bradyi Cushman .............................
ElphkUettahannal (Cushman and Grant) ..............

£.
E. c(. E. guntati Cole ............................................. ...............
E sp. .................... .............................................. ........... ...
£. fransfoeensNaHand .......................................... 0.6 .............
EfumWumNattand ............................................... ...............
Epistominetla tiradyana (Cushman) ...................... ...............
E. paclfica (Cushman) ........................................... 1.4 - 1.2 0.9 - 0.6 1.0 0.6 0.3 0.3 2.1 0.3 0.6 1.6 4.4
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_ Sampla number

86-110 86-111 86-112 84-79 86-2 84-80 86-113 86-3 86-4 86-5 86-6 86-7 86-8 86-9 86-10

E. snrtMtStewartandStewart) ............................. 0.6 .............
Fissurina aAwotefa (Brady) .......... _ .................... ...............
F. ta#orwgnnMnsfe (Boomaart) ........................... 0.2 ............
F. kuglert (Cushman and Stalnforth) ..................... ...............
F. marginals (Montagu) ......................................... - - 0.2 ............
F. oteo/racwtafa Galloway and Wissler .............. ...............
F. o/ttyiyaruSequenza ..... __ ......................... - - 0.7 - - - 0.2 ........
F. spp. .............................................................. ...............
Futsentotna comuta (Cushman) .......................... ...............
F. schrattrsiana (Czjzek) ..................................... ...............
F. spp. .................................................................. ...............
Gaudrytna aranaria Galloway and Wtester ............ ...............
Globobulmnapaatica Cushman .......................... - - - - 83.6 - - 1.0 0.3 0.3 1.2 3.2 2.4 8.1 6.6
G. pyrula (d'Orbigny) .... _ ................................... ...............
Gfcbocacattutirusubfffcbasa (Brady) ................... 1.7 - - - -   - - 0.6 0.3 0.3 - 0.5 0.2
GtanduCna fewi/gara (d^Orbigny) ........................... ...............
Gyrofttt»a/r<fennisStawartandStewart .............. ...............
a condoni (Cushman and Sctwnck) .................... ...............
G. mu/Moeufa Coryell and Mossman ..................... ...............
G.cf.GmuWtocirfa Coryell and Mossman ........... ...............
G. soWanndOrbigny ............................................. ...............
G. spp. ...................... _ ........................................ 1.4
Hanawa&S*jg/<Nuttall) ...................................... ...............
H. ntidula (Bandy) ................................................. ............ o.2 - -
HapfcprVagmoiUasspD. ......_.................._.........._ ...............

Lagena acuticoeta Ftauss ..... ..... ............................ .......
L amphora fleuss ................................................. .......
L ooslala (Wlllamson) .......................................... - - 0.5     - 0.2
L ehngata (Ehrenberg) ........................................ .......
L. flafutewaloeblich and Tappan ......................... .......
L. hexagona (WUfiamBon) ...................................... .......
L. toevis (Montagu) ................................................ .......

L. sotigefa MIHett ................................................... ..............
L. suksata laevicasta Cushman and Gray .............. -   ..... . - - 0.3
L ssm&MafaWimamson ....................................... ..............
L. spp. .................................................................. ..............
L. strata (d'Orbigny) .............................................. 0.6 0.2 --...-..-..
Lsotatfa (Walker and Jacob) ............................... ..............

L. wMlamson/(Alcock) .....................................
Lentkultna cushmani (Galloway and Wissler) 
L. spp. ............................................................
Loxostomumpaeudobsyrichi (Cushman) .......

M. cf M.pompi*»a9S(Fitch9l and Moll) ............... ...............
UMamrinatusca (Brady) ...................................... ...............
NonioneUa auricula Heron-Alien and Earland ....... ...............
N. basisptnata (Cushman and Moyer) ................... ............. o.3 -
N. costifera (Cushman) ......................................... ...............
N.rriocentca Cushman ......................................... ...............
N. spp. .................................................................. ...............
N. slella Cushman and Moyer ............................... .. 0.2 ------------
Woctosaria anomala Reuss .................................... ...............
N.lamellaia Cushman and Stalnlorth .................... ...............
N.hngiecata d'Orbigny ......................................... ...............
N. spp. .................................................................. .... 3$ ----------
Monionspp. ........................................................... ...............
Ooiihameto d'Orbigny . _ ..................................... 0.3 ..............
Ort*»sa/femo««sepfOS(Koch) .............................. ...............
O. u/n6ona(u«(Fteuss) .......................................... 0.3 - 0.2 ........... o.2
Otthomophina aH. O. rohri (Cushman & Staintorth ...............
O. spp. ...... _ ............................. _ ....................... ...............
Paraflssurinaspp. .................................................     02 ............
Planullna arMnensis d'Orbigny ............................ ...............
P. axoma Phleger and Parker ............................... ...............
P. oenata (d'Orbigny) ............................................. ...............
P. cf. P. tmala d'Orbigny ...................................... ...............
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_ Sample number 
Taxa _____________________________________

86-110 86-111 86-112 84-79 86-2 84-80 86-113 86-3 86-4 86-5 86-6 86-7 86-8 86-9 86-10

ia(Cu8hman) .. ...... ......... ...............
P. /n&cenfca Cushman .................... _ .................. ...............
p. spp. .. __ __ . _ ........................ _ ........... ...............
Pra9gWx*oftmirMa/»raij(d'Orbiany) ................... .... 9.1 ......... 0.7
P. auriculata (Batoy) .. __ .................................... ... 0.6 -----------

Pu/teo«amwoenteaKleinpe« ................................. 0.6 ----------- 0.2 0.8 0.5
P. Salisbury! Slvmn and Sttwart ......................... ...............
P.subcarfnaWdOrbigny . __ .... __ ................... ...............
P. spp. ............. _ . ___ ................................... ...............
PyijOrtjfaianaUoeblichandTappan .................... ...............
P. spp. ........ _ ............. _ ................................... ...............

O. /aevTjara d'Orblgny . _ .. _ ........ _ .. _ ............. ..............
G. spp. .................. _ ............................................ ..............
Reusellasp. .......................................................... ..............
Rhatidammtnasp. ................................................. ..............
Rosalinact.R.columbiensis{Cust\man) .............. ..............
R. sp. .................................................................... ..............
flo/ataga/veynasNatland .............._.................... 0.3 0.8 0.7 ...........
R.d.R.gan/eyonsisNaHana ................................ ..............
R. sp. .......... ___ ............................................... ..............
RotoitHneta femaansfe(Bandy) ........................... ..............
fl. were/forme (Bandy) . _ ..................................... 1.1 0.7 ...........
Saccammina sp. ......... _ ....................................... ..............
S^roa«rna(Bnu«!(Cr|eck) .................................... ............. 0.3
S. torta (Galloway and Wtasler) ..............._.._....... ..............
Siphotextularla ttlntil (Cushman) ............................ ..............
Sp/iaeroWfnatartfaAfeed'Orblgny ......................... ..............
Spiroplectamminasp. ............................................ ..............

Sr/tos(ome//a acto>)/iina (d'Obigny) ...................... .............
S. spp. .............................................. _ ............... .............
Suggntndaspp. ..................................................... .............
W/artrtaansutosafWillamson) ............................. .............
7. carinata (Cushman) ........................................... .............
T. d. T. carinata (Cushman) ................................. .............
T.hughesl (Galloway and Wlssler) ........................ .............
7. ocoktenfafe (Cushman) ..................................... .............
TiHocuUnatfp. ...................................................... ...............
(/'wjjwftraauberfanad'Orbigny .............................. ...............
U. tags/Gateway and Wissler ............................. .......... 0.3
U. curticoBta (Cu&hman) ........................................ ...............
U, htapidooostata Cushman and Todd ................. ...............
U. hispida Schwager ............................................. ...............
U. /K»te(Rankin .................................................... 1.4 0.3 1.4 ............
U.juncea Cushman and Todd ............................... ...... rj.7 ........
U.paregrina Cushman .......................................... 40.5 40.0 26.5 8.4 - 4.4 22A 5.4 5.0 2.9 4.5 7.7 2.2 2.6 22
U.d.U. peregrin* Cushman ................................. ---------- 0.6 - 0.4 - 0.2
U.atl. U.pengrlna Cushman ................................ ... rj.3 -----------
U. peregrins dirupta Todd ..................................... ...............
U.nollca Cushman and Edwards ......................... ...............
U.cf. U. rustics Cushman and Edwards ............... ...............
U.santicaaa Cushman .......................................... ...............
U. semtrigonia Galloway and Wlssler ................... ..... 0.3 .........
U. spp. .................................................................. .... 1.8 ..........
Ustrtafad'Orbigny ................................................ ...............
ValvuHnaria araucana (d'Orbigny) ......................... 1.1 ...... o.3 .......
V. caHomka Cuahman (s.s.) ................................ ...............
V. spp. ................................................................. ..............

Foraminiferal number 348 360 423 344 55 318 406 315 317 310 331 311 494 383 410
Diversity 20 15 24 9 5 7 13 10 9 3 8 8 8 15 12
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Taxa ____ Sample number _______

86-11 86-12 86-13 86-14 86-15 86-16 86-17 86-18 86-19 86-20 86-21 86-22 86-23 86-24 86-25

Astacokts sp. ................ _ .................................... _......._.__...
Astmnonansft. ... _ ............................................. ...............
A ste/ferum Cushman and Edwards ..................... ...............

a curta Cushman .................................................. ........ 5.2 ......
a 9/esamwwna(dOrblgny) ................................. ...............
a subfarttorn* Cushman ................................... ............. n.3 -
BolMnaaigentea Cushman .................................. ...............
ajwantorMfcRanWn ____ ............................. - 1.2 0.2 -0.3
a intetjunaa Cushman . ...... ... ...... .. ..... .................. 81.4 24.8 7.6 15.3 3.9 39.7 49.6 66.5 10.1   - 62.6 74.2 62.1 1.6
art a interjuncta Cushman ................................ ............. o.3 -
a marglnata Cushman ..................... _ ................ ...............
apSMXfatpfcMKteinpeN ..................................... 0.9 3.7 3.6 0.4 1.7 1.4 0.8 0.3 1.3 5.1   1.5 2.5 - 0.8
a srnuau Galloway and Wtester ........................... ...............
R semjwnfcrata Martin ......................................... ...............
a setninuda Cushman ........... _ ........................ ........ 3.1 ......
a alf. a seminuda ............... _ ......... _ ............... ...... rj.3 --------
a^ptssaCushman ............................................... 2.4 16.4 15.1 11.8 16.8 12.7 9.2 1.0 9.4 14.1 3.1 6.9 6.5 0.6
a spp. .................................................................. -...-.....-...-
S. vaugnan/Natland .............................................. - - 0.6 ............
a wood/fog/ KtempeH ........................................... ...............
Buccala Mgita (Cushman) ................................... - - 0.3   0.3 ..........
a parkeraa Andersen ........................................... - - 0.3 ............
a tenorrima Bandy .................. _ .......................... ...............
BulMna denotata Cushman and Parker .............. ...............
a pagoda /woespina/a Stswart and Stewart ........ ...............
a roatrata Brady ..................... _ .......................... ............. rj.3 -
a aff. a rostrata Brady ......................................... ...............
a subaccuminala Cushman and ParKer ............... ...............
B. spp. ....................... ........ _ ............................. ...............
Cassidutna califomica Cushman and Hughes ...... ......... o.3 - 0.6 - - -
C.cushmani Stewart and Stewart ......................... ...............
C. defeats Cushman ............................................. ............. 0.6
C. ctepmssaAsano and Nakamura ....................... - - - - - - - - - 1.0 - - - - 1.2
C.laevigatacarinataStoeari ................................ ...............
C. bevigafadOrbigny ........................................... ...............
C. ftnbaJa Cushman and Hughes ......................... ..... o.3 ----- 5.7 - - -
CasstfulMap/fccenfcaNatland .......................... ...............
CasstfutSrta fenvfensfe Galloway and Wisster ....... - - 3.6 -   - 0.3 10.4 -   - - - 1.2
C. minuta Cushman ............................................... ...............
C. obtonga Reuss .................................... _ ......... .............. o.4
CassMufnotiaerenufePhleger and Parker ........... ...............
CasstiuHna spp. .................................................... ...............
C. tortuoaa Cushman and Hughes ........................ ......... 3.4 .....
C. transiuscens Cushman and Hughes .................     - 0.2 - 0.8 - - 18.2 0.3 - - 0.2 0.6 0.4
C. cf. C. Iranslueeens Cushman and Hughes ....... - - 0.6 ............
CntosfomafaooSriaSchwager ............................. ............ 0.2
Cbiddee tbtcheri Galloway and Wissler ............... 0.3 - 1.2 - 0.6 0.6 0.6 0.6 - - 0.3 1.6
C.cf. C. flste/wri Galloway and Wissier ................ ...............
C. tobatulus (Walter and Jacob) ........................... ...............
C.mckannai Galloway and Wissler ....................... -   0.3 ------ 2.9 2.2 - -  -
C. cf. C. mcAanna/ Galloway and Wissler ............. ...............

C. mw/feretortWfSchwager) .................................. ...............
Cfrcxfesspp. ........................................................ ......... 03 .....
Cyclamminatfip- ................................................. ...............
Dentatna baggl Galloway and Wissler .................. ......... 0.3 .....
D. spp. ................................................................. ...............
Dscortwsp. .......................................................... ...............
Dyodjfcxtespsrforatos Cushman and Valentine .. ...............
Ehrenbergma bradyiCushman ............................. ...............
£(D/iWa«a nanna' (Cushman and Gram) .............. ...............
£lphUiumfrigidum Cushman ................................ ...............
E.ounwriCoto ..._....._..... _ ................................. ...............
£. cf. £. gunteriCote ............................................. .............. o.4
£. i*. ................................................................... ...............
£. (rans/ucensNafland .......................................... ...............
E. tumWumNatland ............................................... ...............
Eptslomn0Habradyana(Cust\man) ...................... .............. o.4
£ pacHica (Cushman) ........................................... - 39.3 32.6 41.9 61.7 24.5 19.4 15.6 1.6 2.3 1.6 10.8 8.4 - 1.6
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w/fa suftp«rov>ana (Cushman) ................ ...............
£. smirtt(Stewarl and Stewart) ...................._.... ...............
Fissunna aVsote/a (Brady) .___......................... ...............
F. bodjonagoro»nsis(Boomaas\) ........................... ...............
F. fcvpferf (Cushman and Stainforth) ...._............ ...............
F. marginals (Montagu) ..._._.  ............... ............ o.2 0.3 -
F.abecurocoetata Galloway and Wteler .............. ...............
F. oititgnyana Sequenza _____...._.__.... - 0.3 .............
F. spp. ....................._......____._.__.... - - 0.3 ............
Furaentora comuta (Cushfflan) 
F.acAr«bw8iiana(Czjzek)

Gaudryfria awnarfe Galloway and Wtesler ............ ......... 1.0 . . . o.3 2.0
GtotobuK/mnapaofcaCushman .......................... 6.8 6.1   0.3 0.6 1.0 - - - - 0.9 1.0 0.3 6.5
G. pytvfa (d'Orbigny) .........._..._ ._......._..... ...............
GtobocassWu*iasobffWx»a(Bfady) .................. - - 2.4 - - - - - 5.5 1.6 1.0 1.2
GtendulMtaw&Btt (d'Orbigny) ........................... ............. 0.3 .
GyrwrthaaWtomTisStswartandStewart .............. ...............
G. corHJbrt (Cushman and Schenck) ................... ... 9.7 ...........
G.muMtocutaCoryell and Mossman ..................... - - - - - - -   1.9 1.2 2.7 0.5 0.3
G.cf. S. mu/Mocute Coryell and Mossman ........... ........... o.g ...
G. soWaniWOibigny ............................................ ...............
G. spp. ........................._...................................... ...............
Hanrawaia/«BTff/(Nutta«) ...................................... ...............
H.n*itfufe (Bandy) ................................................. 0.3 ..............
Haofcpftrag/notfasspp. ........................................ ...............
Hoeg/lOTdlfnae»0ans (d'Orbigny) .......................... ...............
Lagma acuttcosta Reuse ...................................... ...............
L amphora Reuss ....................__.................... ...............
L oosfaa (Wilamson) .......................................... .. 0.3 ----------- 0.4
i.9ton0afa(Ehrenberg) ........................................ ...............
L llatulenta LoebUch and Tappan ......................... ...............
L hexagona (Wllliamson) ...................................... ...............
Llaevis (Montagu) ................................................ ...............
CscafcwjformfcWilliamson .................................... ...............
L.sef$emMi«ett ................................................... ...............
L.sulcatalaevicostaCue/nman and Gray .............. ................
LssmWriafaWllliamson .........._................._. ............. o.3
L spp. ......._....................................................... ............ 0.2 - 0.4
L striata (d'Orbigny) .............................................. - - 0.3 ........... o.4
Lsi/teafa (Walker and Jacob) ............................... - - - - - - - - - - - 0.2 0.3 1.6
L vu/garisWil!iamson ....._._........._............... ...............
L w*«amson/(Alcook) .......................................... ...............
LenftbuXriacueft/nOT/(Galloway and Wtesler) ....... ...............
L spp. ................._..._................................... - - - - - - - - - - - - - - 1.6
LoxostomumpsaudobeyrichUCushman) .............. ...............
Me*mfctanbeam»<Wlli!amson) .......................... ...............
M. <rf. M.pomp«bfcte«(Rtchel and Moll) ............... ...............
UiHammtoa fusca (Brady) ...._............................ ...............
NontoneUa auricula Heron-Alien and Earland ....... ...............
N. ba&spinata (Cushman and Moyer) ................... .............. 0.4
N. oost/lera (Cushman) ......................................... ...............
N.rrmcenica Cushman ......................................... ...............
N. spp. .................................................................. ...............
N. sfe«aCushman and Moyer ............................... 0.5 .............
Nodosarla anotnala Reuss .................................... ............. o.3
N. lamellata Cushman and Stainlorth .................... ...............
N. bogiscata d'Orbigny ......................................... ............. o.3 0.4
N. spp. ..._.......................................................... ...............
Nanfonspp. ........................................................... ...............
Oo/iiameto d'Orbigny ........................................... ...............
Omto/sa/«smu/risspfus(Koch) .............................. ...............
O. umbonatus (Reuss) .......................................... 0.3 -------- 3.2 0.3 - 0.2 1.8 4.1
Orttiomorpbinaaff. O.rohri (Cushman & Stainlorth ...............
O. spp. ............._...._......................................... ...............
Perafissurine spp. .................................................. .... ..........
PtanuHna arMnenas d'Orbigny ............................ ...............
P. exoma Phleger and Parker .............................. ...............
P. omata (d'Orbigny) ........_............_._......... ...............
P. ct. P. omata d'Orbigny ..........___................ ...............
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P/ecte/ronrf/cofanaacfuena (Cushman) ................. 0.6   0.6 0.2 ------ 0.6 - - - -
P. mocenkt Cushman ......................................... ......... 0.3 .....
P. spp. ........__......_....................... ................ ...............
PraefffaOobuannifiaafTIIramd-Orblgny) ................... - 0.3 1.8 - - - - - - - - - 1.2
P. auricutata (Bailey) ....._.................................... ...............
P. pupewfes (d'Orbigny) ........_............................ ...............
PuflB/)«a/n«oe»nfc«Ktoinpell .................................. 0.6 0.3 1.8 - - - - - - 2.9 0.6   0.7 2.4 6.5
P. safebury/StewartandStewart .......................... .......... rj.3 - - - -
P. sutxarinata dOittgny ................._................. ...............
P. spp. .................................................................. ...............
PyrgorDfaferfeLoeblichandTappan .................... 1.2 - 0.3 .......... o.3 0.4
P. spp. .................................................................. ...............
Quinqmftxu/inaaknerianad'Otbigny ................... ...............
Q /awgara d'Orbigny ........................................... ...............
Q. spp. .................................................................. ...............
Reuaeilatp. ........................................................... ...............
Rhatxlammina sp. ................................................. ...............
flosaftja cf. fl. co/umbfensfc (Cushman) ............. ...............
ft. sp. .................................................................... ...............
flofateffa/veynasNatland ................................... --------- 0.6 0.3 - - - 0.8
R.cf. R. garveymsiaMattani ................................ -   0.3 ............
R. sp. ........................................................_........ ...............
Roiorbinetta kxnaonsis (Bandy) ............................ ...............
R. versiforms (Bandy) ........................................... ...............
Saccammna sp. .................................................... ...............
S#mo*jatef)u«s(Czjeck) ..................................... - - 0.6 ........... 1.6
S. torta (Galloway and Wissler) ............................. ...............
Siphotextularia ll!ntii (Cushman) ............................ ...............
SpAaenMftutx/MMfes d'Orbigny .......................... ......... o.3 - - - - 2.4
Spimplectammina sp. ............................................ ...............
Sfa/nfcJrtftia concava (Hoeglund) ........................... - - - - - - - - 1.3 0.6
Stl/ostomeUa adOphlna (d'Orbigny) ....................... ...............
S. spp. .........................._.................................... ...............
Suggrunda spp. ..................................................... ...............
Trifarina angu/osa (WHamson) ............................. ..... o.3 ---------
T. carinata (Cushman) .......................................... ...............
T. d. T. carinata (Cushman) ....._........................ ...............
T.hugheel (Galloway and Wissler) ........................ ...............
r. ocddontalis (Cushman) .................................... - 0.3 1.2 - - - - - - - - - - -1.2
Triloculina spp. ...................................................... ...............
Uvigerina auberiana d'Orbigny .............................. ......... rj.6 2.2     
U. tiaggi Galloway and Wissler ............................. ------------ 0.2 - 2.4
U. curtlcosta (Cushman) ........................................ 2.4   -   - - 4.2 .....
U. hispidocostata Cushman and Todd .................. ...............
U. hispUa Schwager ............................................. ...............
U. hootsi Rankin .................................................... . . . rj.4 ...........
U.juncea Cushman and Todd ............................... - - - - - - - 1.0 - - - 0.3 0.2
U.pemgma Cushman .......................................... 5.3 9.2 20.5 21.0 14.0 18.3 19.2 15.3 36.4 48.2 83.5 7.5 2.0 7.3 54.1
U.cf. U. peregrins Cushman ................................. - - - - 0.8 0.3 0.3 --------
U. all. U. peregrins Cushman ................................ ...............
U. peregrins ditvpta Todd ..................................... .............. rj.4
U.ABdica Cushman and Edwards ......................... ...............
U.d.U. rustica Cushman and Edwards ............... ...............
U.aent/cosa Cushman .......................................... ..... o.3 ---------
U. semitrigonia Galloway and Wissler ................... ...............
U. spp. .................................................................. ...............
U.striata d'Orbigny ................................................ ........ rj.3 0.3 - - -  -
Valvulineria araueana (d'Orbigny) ......................... ------ 0.3 - - - 1.2 - - 0.3 1.2
V. cailfornica Cushman (s.s.) ................................ ...............
V. spp. ..................__........................................ ...............

Foraminiferal number 338 379 331 561 358 355 391 385 385 311 322 334 4Q3 330 246
Diversity 11 11 25 10 9 13 9 7 11 23 15 11 18 22 31
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Asttwonton sp. ..................................................... ...............
A.stellatum Cushman and Edwards ... ...... ............ ...............
BuUmneHabasispinata Stewart and Stewart ........ ...............
8. curta Cushman ......... _ .............. _ . _ .............. ....... 10.2 .......
0.9tegan«ss»na(d'Orbigny) .... __ .................... ...............
B. siMustormle Cushman ........... _ ................... ....... 2.8 -------
8o/Awia a/genfea Cushman ....... .... ....... ..... . .... ...... ...............
B. gliardensis HanWn . _ ......... _ ....... _ ............ 0.5 0.3 0.3 ...........
a mtujuncta Cushman ...... ................................... 30.4 86.7 0.6 13.6 0.3 9.4 21.7 25.6 60.8 3.3 83.3 79.2 83.5 90.2 90.7
art a *tf*//BneM Cushman ................... __ .... ...............
B. marginals Cuahrnart .. __ ............................... ...............
S. pssudospissa Kleinpetl ............ ............ ........... 2.6 - - 1.3 3.3 2.1 6.S 2.0 - 2.1 0.3 - 0.6 0.8 0.8
a sinuata Galloway and Wtestor ............... _ ...... ...............
S.semps/rbra/a Martin ......................................... ...............
B.senmuda Cushman ................... _ ............ _ . - 0.3 0.6 - - - - 15.0
B. aft B. serrtnuda .......................... _ ................ ...............
a apissa Cushman .............................................. 11.3 2.3 5.3 1.6 15.4 34.0 31.1 0.4 13.4 5.1 1.5 0.8 4.1 4.4 5.9
a spp. ._........................ _ ................................... ....... 0.4 .......
S. vaug/ian/Natland .............................................. ...............
a mxx*w>9iKleinpelll .. .............._. .......__........ - - - - - - - 19.1
Succete frigUa (Cushman) .................................. ...............
a parkarae Andersen ........................................... ...............
a tenerrima Bandy ................................................ ...............
Bulirrina denudata Cushman and Parker .............. ...............
a pagoda heoespinata Stewart and Stewart ........ ...............
a rostrata Srady ..........................._............ _ ...... ...............
a a/f. a rostrata Brady .......................... _ ........... - - - - - - - - - - - - - -
a subaccuminaia Cushman and Parker ............... ...............
a spp. .................................................................. ...............
CassiduRna caHtomica Cushman and Hughes ...... - - - - - - - - - 2.4
C.cvshmani Stewart and Stewart ......................... 0.2 ------- 2.0 4.2 6.6 9.8 5.3 0.8 0.3
C.deOcata Cushman ............................................. - 2.3 -0.3 - - - 1.2
C. deprossa Asano and Nakamura ....................... 0.2   - - 0.3 - - 2.8 .......
C. laevigala carinata SiK/estrl ................................ - - - - - - 1.6 2.3 28.9 0.9 - 0.3 0.8 0.5
C. fewfcafad'Orbigny ........................................... - 10.9 - 30.8 - - 6.5 -------
C.Hmbata Cushman and Hughes _.......,............... ...............
Casatfu/MaptiocenfcaNatland .......................... ...............
CassWtrfna tamtansfe Galloway and Wissler ....... ...............
C. minura Cushman .................. _ .. _ ................ - -1.2
C. obtonga Reuss .................................................. ...............
CassWu*V70*lesfem«sPhleger and Parker ........... ..............
Casatfuttiaspp. .................................................... ....... 0.4 .......
C.tortuoea Cushman and Hughes ........................ ...............
C. transkiscens Cushman and Hughes ................. 0.4 ..............
C.d. C. transkiscens Cushman and Hughes ....... ...............
ChloetomeHa ooHna Schwager ............................. ...............
Clticidee ftetchari Galloway and Wissler ............... 0.4 - 0.3 - - 0.4 0.3 - - - - 0.3
C. rf. C. flefc/wri Galloway and Wissler ................ ...............
C.tobatulus (Walker and Jacob) .......... __ .......... ...............
C. mdtanna/Galloway and Wissler ....................... 0.4 - 0.6 ............
C. rf. C. mdtanna/ Galloway and Wissler ............. ...............

C. wuellerstoiiti (Schwager) .................................. ...............
C/b<odesspp. ........................................................ ...............
Cycfammina spp. ..... _ .......................................... - - - -
Contains baggi Gateway and Wissler .................. ........ 0.3 ......
D. spp. ............................................ _ ................ ...............
DiscortMBsp. .......................................................... - - 0.3 ............
Dyocbicideeperforatus Cushman and Valentine .. ...............
EhrenberginabradyiCuthnan .............................. ...............
ElptMiellahannai (Cushman and Grant) .............. ...............
Elphktkim frigidum Cushman ................................ 0.2 ..............
E. guntoriCote ....................................................... ...............
E.cI.E.guntertCoto ............................................. ...............
£ sp. .................................................................. ...............
EfransfocensNatland .......................................... ...............
ElumWumNatland ............................................... ...............
Epistomlnalta bradyana (Cushman) ......... ..... ........ 0.2 ...... 0.4 .......
Epac/Wa (Cushman) ........................................... 1.5 5.2 1.2 0.3 4.7 36.1 22.0 7.7 5.6 7.4 3.9 2.7 0.3 1.6 0.5
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£pistomineHasubpanjviana(Cu&\man) ................ ...............
E. smfW (Stewart and Stewart) ...... __ .............. - - 1.2
Fissurfna atootafa (Brady) ___ .......... _ ......... .........-.---.
F.bodjon«goro6nste(Bootraan<i ........................... ...............
F. to0feri(CushrnanandStaMorth) ..................... ...............
P. marginals (Montagu) ......................................... - - 0.3 ............
F. otxcurocostata Galloway and Wlsster .............. ...............
F. o*#nyana Sequenza ........ _ ....... _ . _ ........ ...............
F. spp. ...... _ ........ __ ......... __ ................... ... o.5 -----------
Fursenkoina comuta (Cushman) ......._.................. ...............
F. schrebersfana (CzjzBk) . _ . _ ................ _ .... ...............
F. spp. ..................... __ ...................................... ...............
GaudryinaaranariaQaioiHayaniWtBstei ............ - - 0.3 ............
Globobutminapadfica Cushman ......... ........ ......... 0.4 - - - - - - - - - 3.8 1.2
G. pytula (d'Oblgny) ............................................. ...............
Globocaaeidulina svbgtoboea (Brady) ................... 0.4 - 6.5 25.4 1.0 - 2.0 1.3 - - - - 0.3

SyroMftaaffifoHnfeStewartandStewart .............. ........
G.condoni (Cushman and Schenck) .................... ........
G.mufttocufcCoryell and Mossman ..................... ....... 0.4
G. cl. G. niultilocula Coryell and Mossman ........... ........
G. soWani/dOrbigny .............._............................. ........
G. spp. ................................................................. ........

H. nMA/k (Bandy) ................................................. rj.2   0.3
Hapfcprragmoittaespp. ........................................ ...

Lagena acutlooata Reuss ................. _ ................. ............
L amphora Reuss ................................................. ............
L oxtata (WINIamson) .......................................... o.2 ----- 0.3 -----
L. ehngata (Ehrenberg) ........................................ ............
L flaft/tonteLoeblich and Tappan ......................... 0.2 ...........
L. hoxagona (WllNamson) ...................................... ............
L. laevis (Montagu) .............................................. ............
(..scafanifamifeWNHamson .................................... ............
LsetigeraM'Mett .................................................. ............
L. sulcata laevicosta Cushman and Gray .............. ............
L aetristrlasa WiNiamson ............. _ .................... ............
L. spp. .................................................................. ............
L striata (dOrblgny) .............................................. ............
L sulcata (Walker and Jacob) ............................... ............
L. vufranfeWilliamson ............................................ ............
L wWa/neon/(Alcock) ........................................... ............
(.enfeu/rna cusftman/ (Galloway and Wissler) ....... ............
L. spp. .................................................................. ............
ioxostoniompseoetabeyncWICuBhman) .............. ........... 0.8
Metonisoartseanus (WiNiamson) .......................... ............
M.cl. M.pompiHoides (Fltchel and MoH) ............... ............
M/Aamm/na ft/sea (Brady) ...._................._............. ............
Non»ne//aaurtco(aHeron-Alen and Eariand ....... ............
N. basispinata (Cushman and Moyer) ................... ............
N. costilera (Cushman) ......................................... ............
N.mocanka Cushman ......................................... ............
N. spp. .................................................................. ............
N. Stella Cushman and Moyer ............................... 0.2 - 0.3 .........
Nodosaria anomala Reuss .................................... - - 0.3 .........
N.lamellata Cushman and Stainforth .................... .... 0.7 .......
N. fangfeca/ad'Orbigny ................ _ ................... . ... 4.0 .......
N. spp. .................................................................. ............
Norwnspp. ........................................................... ............
Oo/OTamstod'Orbigny ........................................... ............

0. umbonafus (Reuss) .......................................... 0.9 0.9 1.1 1.7
Orthomotphina aff. O.rohri (Cushman & Stainforth .............
0. spp. .......................................... _ .................... .... o.7 ........
Parafiosurina spp. .................................................. .............
P/anu/rna arMnensis d'Orbigny ............................ .............
P. sxomaPhleger and Parker ............................... ............ o.3
P. ornate (d'Orbigny) _... ..................... _ ............ .............
P. cf. P. omata d'Orbigny ...................................... .............
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Plectotrondicularis aOvena (Cushman) ................. 1.9   0.3 1.3 1.3 0.6 0.3             0.3
P. rrmcgnica Cushman .......... _ . __ _...... _ ....... ...............
p. spp. .  _ . _ .................... _ ............. _ .. _ ... ...-.....-....-
PratgUxtouUmtnaafflniBWQMgnfl .................. ... 2.4 -----------
P. aurictOata (BaHey) .._........ _ ............... _ ....... ...............
P. pupaidasfd'Crbigny) ......... _ ......................... - - - - - - - 1.3 - 2.7
Pu»n&<ntaoBn«aKteinpe« .................................. 4.3 - - 3.5 4.0 ----------
P. sartstxtfy'Stewart and Slewart .... _ ................ ...............
P. subcanba/a dOWgny ....................................... ...............
p. spp. . _ .................. __ ................................. ...............
PyipOfWafansLoeblichandTappan .................... ...............
P. spp. ................................................................. .. o.3 ------------
Quinquetoculina akneriana dOrbigny ................... - - 1.2 ............
Q. laevigata d'Ortoigny ........................................... ...............
Q. spp. .................................................................. ...............
Reuseila sp. ........................................................... ...............
RhaMamminaep. ................................................. ...............
Rosallna d. Ft. columbiensis (Cushman) ..............
R. sp. .................................................................... ...............
flofafaga/veynssNatland ................................... - - 0.3 ............
R.cf. R. ja/vaywnsfcNatland . _ .......................... ...............
R. sp. .. _ ............................................................. ...............
Rourblntta tomaensis (Bandy) ............................ ...............
R. versiforwis (Bandy) ........................................... - - 0.3 ............
Saccammhasp. .................................................... ...............
SlgmoOna tom/fc (Czjeck) ..................................... - - 1.2 ............
S. torts (GaHoway and Wissler) ............................. ...............
Slphotextulariaflintil (Cushman) ............................ ...............
SfenMfotf/nafio/toKtesd'Orbigny ......................... ........... 0.4
Spimp/ectamrnna sp. ............................................ ...............
Stainforthia concava (Hoeglund) ........................... ...............

5. spp. ........................................... _ ................... ......-..-.-.-.
Suggrunda spp. ......... _ ........................................ ...............
Trifarina angutosa (WiHIamson) ............................ ...............
7. carinata (Cushman) ........................................... ...............
7. cf. 7. carinata (Cushman) .................................. ...............
7. hughesi (Galloway and Wtester) ....................... ...............
7. ocodentaks (Cushman) ..................................... ...............
7rffocuanaspp. ...................................................... ...............
Uvtgerinaauberianati'Otoiyny .............................. ...............
U. fiagg/Galtoway and Wtasler ............................. 0.2 ..............
U. curtlcosta (Cushman) ........................................ - - - - 0.3 - - - 12.4 - - - - 0.5
U. hisfHdocosiata Cushman and Todd .................. ...............
U WspWaSchwager ............................................. ...............
U. /xxXsCRankin .................................................... ...............
U./uncea Cushman and Todd ............................... - - 13.4 ... 3.7 ........
U. pengrina Cushman .......................................... 43.0 2.8 48.3 47.1 15.4 17.9 14.3 0.4 - 46.7 0.9 2.3 4.4 - 1.3
U. cf. U. peregrins Cushman ................................. ........ o.3 ------
U. aff. U. peregrina Cushman ................................ ...............
U.perogrinad/rupiaJotiti ..................................... ...............
U.rustlca Cushman and Edwards ......................... ...............
U. cf. U. rustics Cushman and Edwards ............... ...............
U. senllcoaa Cushman .......................................... ...............
U. samitrigonia Galloway and Wisster ................... 0.9 - - - - 0.4
U. spp. .................................................................. ...............
U. strata d'Orbigny ................................................ ...............
Valvulineria araocana (d'Obigny) ......................... - - 2.2 1.1 16.1 ..........
V. caWomlca Cushman (s.s.) ................................ ........... 0.4 - - -
V. spp. .................................................................. ...............

Foraminileral number 467 384 321 374 299 341 322 248 306 336 335 264 339 366 376
Diversity 22 7 27 15 16 6 8 20 11 8 8 9 9 10 7
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Taxa

AstacotuBBp
Aetionomon ap. .....................................................
A. stetlatum Cushman and Edwards .....................

8. curta Cushman . __ ................................. .. .
a 0to0antitt*na(d'Orbleny) .................................
a subfoellonnfe Cushman ....................................
BoUvlna argentea Cushman ............... ..... ..............
a girardensis Rankin ............................................
a imerjuncti Cushman ............._..........   ...........
B. cf. a MBfjuncta Cushman ................................
a nwgnhafa Cushman .....
B. peeodoaptesa Kteinpell .....................................
a sinoara Galloway and Wissler ...........................
a sempwtorata Martin .........................................
a s&minuda Cushman . _ ...................................

S. spissa Cushman ...............................................
a spp. . . ... ...
B. yaogftan/ Natland . .... .... .. ..... ...... . ...
a woooWngiKleinpelli ..........................................
Buccela IrigUa (Cushman) ...................................
B. parkerae Andersen ...........................................
B. tenerrlma Bandy ................................................
Bullmina denudata Cushman and Parker ..............
B. pagoda nebaqp/nara Stewart and Stewart ........
B. roetrata Brady ...................................................
a. aff. S. nxtrata Brady .........................................
a. subaccuminata Cushman and Parker ...............
a spp. .... . . ..... . .... .. ..
Cassxtulina califomica Cushman and Hughes ......
C. cushmani Stewart and Stewart .........................
C. deHcata Cushman .............................................
C. deprassaAsanoandNakamura .......................
C. laevigatacarinataStoosUi ................................
C. laevigata dOrbtgny ...........................................
C. «mbatt Cushman and Hughes .........................
CaaeOuHnsIa pUocenka Natland ..........................
Cassidulna kmitensis Galloway and Wissler .......
C trinuts Cushman
C. cbtonga Reuss
Caas«u«no«es(eno/isPhteger and Parker ...........
C.aasHullrui «pp

C. tonuoea Cushman and Hughes ........................
C. transluscens Cushman and Hughes .................
C. cf. C. tianskaoens Cushman and Hughes .......
ChOostomeaa ootna Schwager .............................
CUddes Hatcher! Galloway and Wisster ...............
C. cf. C. ttotchm Galloway and Wissler ................
C. tobafo/us (Walker and Jacob) ...........................
C. mckannal Galloway and Wissler .......................
C. ct. C. mcfcannai Galloway and Wissler .............
CUddoHee bradyt (Trauth) ..................................
C. mw/teratortH (Schwager) ..................................
C tirades spp. . . .. .... ......................... ...
Cyclammina spp. ...................................................
Denlalnabaggi Galloway and Wissler ..................
D spp. ... . ..... .... .... .
Dtscorbis sp. .... . ..... ................................ .....
Dyocbicides perforatus Cushman and Valentine ..
Ehnnbetgina bradyi Cushman ..............................
Elphidiolla hannai (Cushman and Grant) ..............
Elphidium Irigidum Cushman ................................
E gunterlCota .. ... . .. ............ ...
E. d. E. guntertCota . .... ... .. ... . .
£ ap. ...... . . .. .... . ........... ....... ..... .
E. transkKxns Natland ..........................................
E. turn/dim Natland ...............................................
Epistom/neHa bradyana (Cushman) ......................
E. paeifica (Cushman) ...........................................

Sample number

86-41 86-42 86-43 86-44 86-45 86-46 86-47 86-48 86-49 86-50 86-51 86-52 86-53 86-54 86-55

0.3 -------------

0.2 ..............

60.0 7.0 75.1 1.0 0.6 - 24.3 56.8 66.1 55.7 75.3 32.6 57.2 2.0

1.6 1.5 0.8 5.0 0.9 4.8 1.1 0.4 - - 0.3   - 8.2 0.5

0.2 0.8 ...

18.9 2.9 0.5 29.0 20.8 16.0 11.5 0.2 0.6 - 0.5 - 9.3 33.0 3.2

0.6 0.3 ------------

0.3 ------------ 1.1

0.2 1.5 -------------

11.0 0.3 - - - - - - 5.3 10.2 3.1 34.8 0.3 - 3.2
2.0 .............

1.2 0.5 0.7 0.9 - 4.5 25.3 15.6 23.1 17.8 24.0 31.3 - 6.5
8.3 - - 6.8 ------ 4.1  

0.3 .............

7.3 - - 0.3 - - 0.2 ----- 0.7 3.2

0.7 ...........
0.3 ------------

0.3
5.3 0.5 0.3 -----------

0.3 - 0.7 3.8 1.0 - 0.2 0.2 1.3 - 0.2 - 1.4 0.5

0.7 -----------

0.3 -------------
0.3 -----------

0.7

0.6 -------------

1.1
-

.

.

0.5
.
.

7.S 4.7 17.4 2.7 6.9 - 15.5 10.2 4.9 3.1 0.5 4.2 0.3 6.8 70.8
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_ Sample number

86-41 86-42 86*43 86-44 86-45 86-46 86-47 86-48 86-49 86-50 86-51 86-52 86-53 86-54 86-55

EpiatomineUa subperwiana (Cushman) ................ ...............
E. sm*M (Stewart and Stewart) .................... __ .. - - - - 7.3   - 1.5 - - 0.6 - 27.2

F. bodjorwgomenoie (Boomaan) .......................... ...
F. tester/ (Cushman and Stainforth) ..................... -   0.3
F. maiginata (Montagu) . _ .... _ .......................... 0.3 .
F. <*»cwocDS(a/a Galloway and Wisster .............. ...
F. afagnyana Sequenza __ ............................... ...
F. spp. ...... _ . _ ..... _ .,..»....»«. _ ......... _ ........ - 0.6 .
Fi//Bsn*oha comufa (Cushman) . ........ .. _ . ...... .... ...

F. spp. __ .............. _ ........... _ .................... ..............
Gaudryinaarenaria Galloway and Wlsslar ............ ..............
GtobobolfmnapadttsaCushman ... ....... ................ 0.5 4.1 - - 0.3 1.9 0.9 0.2 0.2 0.4 0.3 - -0.3
G pyrute (d'Orblgny) _ _ .. __ ....................... ..............
Gtaoocassjtf^hasuoato<xwa(Brady) ................... - 2.9 0.8 0.3 0.9 ........ 0.3
Glanduin&lamigata (d'Orblgny) ........................... ..............
Gyroidtna tltifomte Stewart and Stewart ............. ..............
G. condon/(Cushman and Schenck) .................... ..............
a/nuMocufeCoryellandMosBman ..................... ... 4.7 ..........
G.ol. G. miltltoculaCoryM and Mossman ........... ..............
G. soaaniVd'Orbigny ............................................. ..............
G. Spp. .................................................................. 2.9 ............
HanzawafeeMnj/fNuttall! ...................................... ..............
H. nitkSul* (Bandy) ................................................. ..............

H0sg/u«lftwefe0ans (d'Orblgny) __ .................. .
L&gona acutioosts Reuse ................... _ ............. .
L amphora Reuss ...................... _ ....................... .
i. oosfa/a (WHlamson) .......................................... 0.2
i. efangate (Ehrenberg) ........................................ .
L llatutonta LoebBch and Tappan ......................... .
L. hmagona (Williamson) ...................................... .
L.laave (Montagu) ................................................ .

L. setigera Millett ........ _ ...................................... ...............
i.. suHcafa/aevicoefaCushman and Gray .............. ...............
L stmUriata Wl«iamson ...................................... ...............
L spp. ............................. _ ................................ ...............
L. strata (d'Orblgny) .............................................. ...............
Lsulcata (Walker and Jacob) ............................... ...............
L. wharfs Williamson ............................................ ...............
L wfflfamsom(Alcock) ........................................... ...............
Lenticuina cushmani (QaOoway and Wisster) ....... ...............
L. spp. ..................... _ ....................................... ...............
Laxostormmp9eudobeyr1chi(Cut/nman) .............. ......... o.2
Metonfcoaflbeanus (Williamson) .......................... 0.3 - 0.7 ...........
M. cf.M. po/npflto«es(Rteh«l and MoH) ............... ...............
MiUanmina lusca (Brady) ...................................... ...............
NorionoUa auricula Heron-Alien and Earland ....... ...............
N. basispinata (Cushman and Moyer) ................... ...............
N. cosUora (Cushman) ......................................... ...............
N.nHocefHca Cushman ......................................... ...............
N. cpp. ................................................................. ...............
M. 8Mb Cushman and Moyer ............................... - 0.3 0.3 ----- 0.4 ----- 0.5
Nodosaria anomala Reuss .................................... ...............
N.lamtHata Cushman and Stairrtorth .................... ... 4.0 ...........
N.tongiacata d'Orblgny ......................................... . 0.9 - 5.3 -----------
N. spp. .................................................................. ... 0.3 .-..-..-...
Nonion spp. ........................................................... ...............
Oolmameto d'Orblgny ........................................... 0.6 - 0.3 ...........
O/«bnsa/*mu»/iBepfus(Koch) .............................. ...............
O. umtonatus (Reuss) .......................................... - 0.6   0.7 ------- 0.2 - - -
OffnomorpMna ar7. O. roM (Cushman & Stainforth ...............
O. spp. .................................................................. ...............
Paraftssurfnsspp. .... _ ......................................... 0.3 .............

P. exomaPhleger and Parker . 
P. ornafa (d'Orbigny) .. _ ........
P. cl. P. omata d'Orblgny ........
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_ Sample number 
Taxa ____________________________________

86-41 86-42 86-43 86-44 86-45 86-46 86-47 86-48 86-49 86-50 86-51 86-52 86-53 86-54 86-55

Plaaotrondiculariaadvena (Cushman) ................. - 0.3   4.7 0.9 1.6 ....... 5.1 0.5
P. rntocenka Cushman .. _ ................................... ...............
P. spp. ........................... _ ................................. ... o.3 -  ---  -  

P. auriculata (Bailey) ............................................. ...............
P. pupoidee (d'Orbigny) ......................................... ...............
Pu/fena m/oo»mca Klsinpell .................................. - 17.5 0.5 6.3 - 0.3 ----- 0.2 - - 0.5
P. sa/etxtfyi'Stewart and Stewart ......................... ...............
P. sutxarinata d'Orbigny ....................................... ...............
P. spp. ................................................................. ...---..-..-...
Py/ponXiataniaLoebllchandTappan .................... ...............
P. spp. .................................................................. ...............
QuinqtMioculina akneriana d'Orbigny ................... 0.3 .............

Q. spp. ..................... _ ........... _ .......................... .....-..--.-..
Reuaellasp. ...... _ ................................_...._........ ............. 0.3
Rhabdamminasp. ................................................. ..............
Rosallnacf. R cohmbiensis (Cushman) .............. ..............
R sp. .................................................................... ......... o.2 - - - -
RotaHaganmynaisNattana .................................... ..............
R.cf. RgarveywJSfcNatland ................................ ..............
R sp. .................................................................... ..............
flotwMwfe femaerwfe (Bandy) ............................ 0.3 ............
R vorsHormis (Bandy) ........................................... 0.3 ............
Saccammha sp. .................................................... ..............
StynoHna tenvie (Czjeck) ..................................... - - 0,3 ...........
S. (orta (Galloway and Whster) ............................. ..............
Slphataxtutartatltitll (Cushman) ........................... ..............
SpftaefoiW/nafcu/toWsed'Ortilgny ......................... 0.3 ............
Spwqpfecta/nmnasp. ............................................ ............. 0.3
Slaiotorthta concava (Hoeglund) ........................... ...............

S. spp. ............ _ .................................................. ...............
Suggnmdaspp, ..................................................... ...............
Trifarinaangukjsaffmamson) ............................. ...............
T. carinala (Cushman) ........................................... ...............
T.cf. T.earinata (Cushman) .................................. ...............
r.ftujftes/ (Galloway and Wlsstor) ........................ ...............
T. occMeatafs (Cushman) ..................................... ...............
Tritoculinaspp- ...................................................... ...............
Uvigerina aubetiana d'Orbigny .............................. 0.3 .............
U.baggi Galloway and Wisstor ............................. 0.6 .............
U. curticoeta (Cushman) ....................................... ...............
U. hispidocostata Cushman and Todd .................. ...............
UMspidaSchwager ............................................. ...............
U. hootsi Rankin .................................................... - 13.2 0.3 1.3 7.2 ......... 1.1
t/./uncea Cushman and Todd ............................... ...... o.2 --------
U. peregrins Cushman .......................................... 1.8 8.8 1.6 20.7 56.6 66.5 33.3 6.5 5.1 4.2 0.5 1.2 1.5 9.5 5.4
U.ct.U.paregrina Cushman ................................. ...............
(3. an. U.pemgma Cushman ............................... ...............
U. pefegrra cHn/p/a Todd ..................................... ...............
U. rustics Cushman and Edwards ......................... ...............
U. cf.U.njstka Cushman and Edwards ............... ...............
U ssnMcosa Cushman .......................................... ...............
U. semUrigonla Galloway and Wisster ................... ................
U. spp. .................................................................. ...............
U. strata d'Orbigny ................................................ - - 0.5 ............
ValwHnffia araucana (d'OrWgny) ......................... 8.5 - 1.0 0.6 - - - 1.3 0.8 2.0 - - 1.1
V. caliomlca Cushman (s.s.) ................................ ...............
V. spp. .............................................. .................. ...............

Fotaminiferal number 438 342 386 300 346 313 445 521 469 451 393 500 332 294 185
Diversity 10 38 17 25 12 9 9 9 10 11 11 10 6 15 16
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Taxa _______________________________Sample number

86-56 86-57 86-58 86-59 86-60 86-61 86-62 86-63 86-64 86-65 86-66 86-90 86-67 86-92 86-69

Astacolussp. ........ __ .......... _ ........................... ...............
Astfononion sp. ........................... _ ..................... ...............
A ste/tafu/n Cushman and Edwards ..................... ...............
Bulimneaabaeiepinata Stewart and Siewart ........ ...............
B. curia Cushman ................................................. ...............
a efeoanftain»(d'Orbigny) ................................. ...............
S suWo»tofml» Cushman ................................... ...............
Bottvinaargentea Cushman .................................. - - - - - - - - - - - 19.4

S inteijuncta Cushman __ . _ ...........................   21.0 - - - 1.4 - - - 5.2 84.1 - 33.2
B. cf. B. interjuncU Cushman _ ......................... ...............
B.marghata Cushman . __ .. __ ......................... ...............
S.os«xftMpfcMKIeinpell ..................................... - - 0.3 0.3 - - - -     1.8
a sinuafa Galloway and Wissler .......................... ...............
B. semiperforata Martin ......................................... - - -   - - 1.6 - 0.2
a eemlnuda Cushman _ .................................... .... ̂.7 13.8 - - - - 0.5 0.5
B.at/.B. seminuda .............................................. ...............
E.spisea Cushman ............................................... - - 3.3 10.5 3.1 --------- 3.2
E. spp. .................................................................. . ... o.1 ------ 0.2 - - -
fl. vaugnam'Natland ............................................. ...............
8. woodrfnc/KlelnpeM ........................................... ........... 0.5 ...
Euocatatrigkla (Cushman) ................................... ..... o.7 ---------
E. partera* Andersen ........................................... ...............
B. tenerrima Bandy ............................................... ...............
Bulimina denudata Cushman and Parker .............
a pagoda hebespinala Stewart and Stewart ........
E. roetrata Brady .... _ ... _ ... _ ............................. ...............
aaff. a rostraraBrady ........................................ ...............
a subaccuminata Cushman and Parker ............... ...............
B- spp. ................................................................. ...-...-......-
Caseldulinacalihmica Cushman and Hughes ...... - 1.8 - 0.9 0.7 - - - - 0.3 0.5
C. cusnmanS Stewart and Stewart ......................... - 13.8 13.4 - 5.2 20.0 44.1 6.2 24.8 7.3 0.2 - 29.0 41.8
C. detcata Cushman ............................................. ...............
C. depress* Asano and Nakamura ....................... ...............
C.bevfearaca»)araS!rvestrf ................................ - 5.4 - - - - 3.3 - - 1.0 - 54.9 18.9 33.6
C. feewgafad'Orbigny ........................................... 0.3   26.8 0.4 0.7 .........
C. Hmbala Cushman and Hughes ...... _ ............... ...............
CaBs«u*n*«ap//bc«oeaNatland .......................... ..... 26.9 0.5
Casstfirfna torn/fans* Galloway and Wissler ....... ...........
C. nshufa Cushman ..............................................   2.7 2.2 - - 9.0 0.2
C. obtonga Reuss .................................................. ..............
Cass«rfu<fno*tes(8no«sPhleger and Parker ........... ..............
Casotfutfiaspp. .................................................... ..............
C. tortuosa Cushman and Hughes ........................ ..............
C. transluscens Cushman and Hughes ................. ..............
C.cf. C. (ransftiscsns Cushman and Hughes ....... ..............
Cft«osfoma«aoo#naSchwager ............................. ...............
CixdOgsaetcheri Galloway and Wissler .............. ..............
C. cf. C. ferc/wrf Galloway and Wissler ................ ..............
C. toba/o/us (Walker and Jacob) ........................... ..............
C. mdianna/ Galloway and Wissler ....................... - 6.2 0.4 0.3 0.3 - - - - 0.3 0.5
C. cf. C. /nckanna/'Galtoway and Wissler ............. ..............
C**odw*wbfady*(Traulh) .................................. - - - - - - - - - - - - -1.8
C. mw/tef3(ortr7(Schwager) ................................. ..............
CftfcWsespp. ........................................................ ..............
C/cfemnVnaspp. ..._.........._. ............................... ..............
Oentalinabaggi Galloway and Wissler .................. ... o.3 ----------
D. spp. .................................................................. ..............
Dfeoorb&sp. ....... _ .............................................. ..............
Dyocbicidaeperlaratus Cushman and Valentine .. ..............
Ehrenbergina bradyi Cushman .............................. ..............
ElphidieHa hannai (Cushman and Grant) .............. ..............
Elpbidkjm frigidum Cushman ................................ ..............
E. gunterlCota ...................................................... ..............
E. cf. E. gunteriCole .. ....... .................................... ..............
E. sp. ................................................................... ..............
E rranstucensNatland .......................................... ..............
E. fumoumNatland ....... _ ................................... ..............
Epfetomnotti bradyana (Cushman) ..................... ..............
E.padHca (Cushman) ... __ ............................... 46.5 29.5 - 57.6 0.7 - - 71.9 0.7 7.0 3.6
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Taxa Sample number ____

86-56 86-57 86-58 86-59 86-60 86-61 86-62 86-63 86-64 86-65 86-66 86-90 86-67 86-92 86-69

Epistominetla sutperuviana (Cushman) ................ ...............
£ am*/)/ (Stewart and Stewart) ............................. 24.4 ..............
F<ssunnaaVeo/aa(Brady) .................................... ...............
F. bodjonegomensieiBoomaan) ........................... ...............
F. frugteri (Cushman and Stalnforth) ..................... ...............
F. marglnata (Montagu)   __ . _ ........................ 0.9 .............
F. otoecurocoatala Galloway and Wissler .............. ...............
F. o/fcg»yanaSequenza .. . ___ ...................... ...............
F. spp. ........... _ ... _____ ............................. ...............
Fursankoina comuta (Cushman) . . _ ................. ........... o.2
F. scrraberstanatCzjzak) __ ....... _ ................. ...............
F. spp. . _ ................. _ ..................................... ...............
Gaudryina arenaria Galloway and Wissler ............ ...............
Glotxbulimina pacifies Cushman .......................... - -   0.3 - - 0.5 - - - 1.7
G. pymla (d'Orttgny) ............................................. 2.9 --------------
Globocassidu/inasubglobosa (Beady) ................... 1.8 .............

Gyroidina altffonms Stewart and Stewart .............. ............
C.condoni (Cushman and Schenck) .................... ............
G. mu/Wocute Coryell and Mossman ..................... ............
G.ct. G. multilocula CoryeH and Mossman ........... ........... 19.4
G. soWa/wd'OrOigny ............................................ ............
a spp. .................................................................. ............

H. nittfefe (Bandy) ................................................. ........
Haofcpn/agmotieaspp. ........................................ ........
HoegftmoVnaataSBnsldOrblgny) .......................... ........
Laffona acuticosta Reuss _ .... _ ........ _ .... _ . _ ........
L. amphora Reuss ................................................. ........
L costata (Wffliamson) ................................ _ ..... - 0.9 - 0.3 0.1
L. etongata (Ehrenberg) ........................................ ........
L flatulenta Loebfch and Tappan ......................... ........
L hexagona (WHDamson) ...................................... ........
L/awe (Montagu) ............................................... ........
L. scafentof/nfeWiHamson .................................... ........
L seftgwa Miten .............. _ ............................... -.......
L.sulcatalaevicosta Cushman and Gray .............. ........
LsemisfriateWHIIamson ....................................... ........
L. spp. .................................................. _ ............ -...-..-
L. str/ata (d'Orttgny) .............................................. - - - 0.3 -
Lsukata (Walker and Jacob) ............................... ........
L w(jarisWIHiamson ............................................ ........
L miamsom(Alcock) .......... _ ........................... ........
tenterfna cus^man/ (Galloway and Wissler) ....... ........
JL. spp. ............................................ _ .................. ........
Loxostomum pseudobeyrichi (Cushman) .............. ----- 2.1 - 0.5

M.«rf.M.pompi5toWas(Fitchel and Moll) ............... ..............
UHlammkia fusca (Brady) ...................................... ..............
Nonionelia auricula Heron-Aten and Garland ....... ..............
N. basispinala (Cushman and Moyer) ................... ..............
N. costifera (Cushman) ......................................... ..............
N. mocenica Cushman ......................................... ..............
W. spp. .................................................................. -..-.........-
N. stelia Cushman and Moyer ............................... ... o.3 ----------
NodosarlatnofnalaRauts .................................... ..............
N.lameHata Cushman and Stainforth .................... ..............
N. tonjtecafa d'Oittgny _ .................................... ..............
N. spp. .................................................................. ..............
Atontoispp. ........................................................... ..............
Oo(J)ame*)d'C3rbigny ........................................... 0.4 ............
Onaofsa/*/no»e«pfos(Koch) .............................. ..............
O. umbonatus (Reuss) .......................................... ..............
Orthomorphina att. O. rohri (Cushman & Stainforth ..............
O. spp. .................................................................. ..--..--......
Parafissurina spp. .................................................. ..............
PKanuflrwanWnansfed'Orbigny ............................ - - - - - - 0.5 -4.3 - -1.2 - 1.8
P. exoma Phleger and Parker ............................... ..............
P. omafa (tfOrblgny) ............................................. ..............
P. cf. P. ornate d'Orbigny ...................................... ..............
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_ Sample number

86-56 86-57 86-58 86-59 86-60 86-61 86-62 86-63 86-64 86-65 86-66 86-90 86-67 86-92 86-69

PtecK>tmndiculartaadve>na(CuB\\mai\) . ....... . ..... ... 1.2 - 0.6 0.4 - 3.0 -   - -0.7
P. rrikxeriea Cushman ..... _ . ............... ............... ...............

Prae0fct»tafirnteaffl^ (d'Orbigny) . ...... ............ ...............
P. auneutefa (Bailey) . _ .. _ . _ .. __ ._... _ ... ...............
P. pupoOee (d'Orbigny) ........ ___ ...................... ...............
PufeflfemtocanfcaKleinpell ........ ......... ................ 1.5 ..... 0.2 ........
R sa/fcou/y/Stewart and Stewart .......... __ ...... ...............
P. suocarinafad'Ofbigny ....................................... ...............
P. spp. ........................................ __ . _ ........... . . . . . 7.6 .........
PyrgooXatariaLoabllchandTappan ..... ............... 0.3 ..............
P. spp. ................................ _ ............................. ...............
Ouinquoloculinaaknorianad'Oitoigny ................... 0.3 ..............
O. /aev^aradOrbigny ........................................... ...............
O. Spp. .................................................................. .---...-.-.--..

fleuw/fesp. ........................................................... ...............
Aftabdammina sp. .................................................   ..............
flosa/macf. R. eolunMense (Cushman) .............. ...............
R sp. .................................................................... ...............
Rotate garveynsfeNatland ................................... ...............
Ref. Rgarv9>»ns«sNatland ................................ ...............
R so . ...............

t^ft ..      .      »   ..... ..!.. ....................................

flororfxinefe femaensfe (Bandy) ............................ ...............
R. versilormis (Bandy) ........................................... ... o.3 -----------
Saccamnwia sp. ....................... _ ......................... ...............
Slgmoillna (enue (Czjeck) ..................................... ...............
S. loffa (Gallowav and Wissier) ............................ ...............
Sipholextulariaflintil (Cushman) ........................... ...............

Spimptectamrma sp. ............................................ ...............
Sfa/nfortn/a concava (Hoeglund) ........................... ................
S«aos(ome/faa<to)D/i/na(d'Orb(gny) ....................... ...............
S. spp. .................................. _ ............................ ...............
Suggrunda spp. ..................................................... ...............
WfartnaangiutasafVWHamson) ............................. . o.4 ---------- 0.5 - -
T.carinata (Cushman) .......................................... ...............
r. ef. T. carinata (Cushman) .................................. ...............
r. hughoei (Galloway and Wlsster) ....................... ...............
r, occidentals (Cushman) ............_.._................... ...............
Trikxulina spp. ............... _ ................................... ...............
Uvigerina avberiana d'Orbigny .............................. ...............
U. tagg/Galloway and Wissler ............................. ...............
U. curticosta (Cushman) ......................... _ .......... ...............
U. htopidocoetata Cushman and Todd .................. ...............
U. hispUa Schwager ............................................. ...............
t/./KXMs/Rankin .................................................... - - 1.1 - - - - - - - -0.2
U. juncea Cushman and Todd ............................... ...... o.3 ------- 4.8
U.pemgtlna Cushman _ ..................................... 22.6 15.2 52.8 28.4 77.7 17.9 46.4 20.8 70.0 78.9 15.2 - 15.2 15.5 91.9
U.d. U.pengrina Cushman ................................. ...............
I/, aft U.pengrina Cushman ................................ ...............
U peregrin* dtoupra Todd .................................... ...............
U.nietica Cushman and Edwards ......................... ...............
U. a. U.natka Cushman and Edwards ............... ...............
U. senffcosa Cushman .......................................... ...............
Usemrf/fcanfa Gateway and Wissler ................... ...............
U spp. .................................................................. ...............
U. strata d'Orbigny ............................................... ...............
Vatvueneria amucana (d'Orbigny) ......................... ............. 1.8 .
V. caWtomfca Cushman (s.s.) ................................ ...............
V. spp. ...................................................... .......... ........... _________ -

ForaminSeral number 340 224 269 342 764 145 576 192 420 384 427 408 217 110 62
Diversity 9 13 7 12 13 10 10 5 5 7 4 12 9 7 3
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Taxa ___________Sample number

86-70 86-71 86-93 86-72 86-73 86-74 86-76

Astscotussp. ..................................... _ ................ .......
Asfnjnonton sp. .............................................. _ ... 0.3
A. .ste/larum Cushman and Edward* ..................... .......
Sataneflaftasap/nafa Stewart and Stewart ........ .......
fl. cufta Cushman .................................................. ..--...
fl. 9/oganltaaima (dOrbigny) .... ........ ..................... .......
fl. st&fusXonnis Cushman .......... _ ...... __ ......... .......
So/Mnaarganrea Cushman ..... ..... ........................ .......
fl. giiantenaa RanWn ............. ___ ..................... .......
& Mw/dflCfa Cushman .......... . ._..................... - - - - 1.1 0.2 3.3
fl. rf. S. Msr/uncM Cushman _ ........................... .......

S. pseudoepesa Kleinpell ..................................... .......
fl. sinuate Galloway and Wissler ........................... .......
fl. sempetiorata Martin ......................................... - - - - 1.3 - 2.5
£). sofninuds Cushman .......................................... .......
B. aft. fl. seminuda ............................................... .......
fl. sp«ssa Cushman ............................................... 1.6 2.8 1.2 4.3
fl. spp. ..... _ .................. _ .................................. ..--.-.
fl. vaug/ian/Natland ... _ ..................................... .......
fl. woodring/KleinpelH ........................................... .......
Bucceia IrigUa (Cushman) ................................... .......
B.parkerae Andersen ........................................... .......
fl. tenerrma Bandy .... __ .................................... .......
Bulimina dmudata Cushman and Parker ............. .......
fl. pagoda hebeeptoata Stewait and Stewart ........ .......
5. rosfrafa Brady .................................................. .......
fl. aft a ros(ra(a Srady ......................................... .......
B. subaecuminala Cushman and Parter ............... .......
fl. spp. ................................................. _ ............. -..-.--

Casstiulina califomica Cushman and Hughes ...... O.S 0.3 - 5.1 12.3 0.6 2.5
C.cusftmani Stewart and Stewart ......................... 3.6
C. defcafa Cushman ............................................. .......
C. dopmssa Asano and Nakamura ....................... .......
C. fawilgaiaearinafaSiVestrl ................................ 1.6 0.9 27.8 S.1 5.9 0.2 23.2
C. faewijafadXDrtjIgny ........................................... .......
C. ftnbafa Cushman and Hughes ......................... .......

Caesidulina lomitensie Galloway and Wissler ....... .......
C. mhufa Cushman .............................................. .......
C. otHonga Reuss .................................................. .......
Cassirfu«no»d98fenu»Phlegsf and Parker ........... .......
CassM uHna spp. .................................................... .......
C. .'ortuosa Cushman and Hughes ........................ .......
C. fransfuscons Cushman and Hughes ................. .......
C. d. C. transkjsoens Cushman and Hughes ....... .......
CMosramelfaooilinaSchwager ............................ .......
Cbiddes lletchori Galloway and Wissler ............... -     - 1.9
C. d. C. lletcheri Galloway and Wissler ................ .......
C. **afu/os (Walker and Jacob) ........................... .......
C. mcfcanna/ Galloway and Wissler ....................... 0.5 2.2 3.7 1.3 0.5 1.2 1.4
C. d. C. mckannai Galloway and Wissler ............. .......

C. tw/9/terefonYi'(Schwager) ................................ - - - 1.3 0.8 1.8 34.8
Cfcfcnfeespp. ........................................................ - - - - 0.5 -1.9
Cyctemm*?aspp. ................................................... .......
Denfattiaoaoff/Galloway and Wissler .................. - 1.2 - 0.3 - 0.4
0. spp. ................................................................. ----- 0.2 0.3

Dyocbicidee perforatus Cushman and Valentine .. .......
Ehrent&rginabradyiCvsbtnan .............................. 0.3
Elphidiella hannai (Cushman and Grant) .............. .......
Elphidium frigldum Cushman ................................ .......
£. gunteriCoto ....................................................... .......
E. cf. E. gunteri Cole ............................................. .......
E sp. ................... ................. _ ........................... .......
E.fransiucensNatland .......................................... .......
£. fumfcfumNatland ............................................... .......
Epistominellabradyana (Cushman) ...................... - -     - - 1.7
£ parities (Cushman) ........................................... - - - 11.4 5.3 - 1.7
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Taxa Sample number 

86-70 86-71 86-93 86-72 86-73 86-74 86-76

Eptaomirwte sufjpwuwana (Cushman) ................
E «mtn/(Stewart and Slewan) .............................
Fieautina aAwotatt (Brady) ....................................
F. ixMf/onegoroenaie (Boomaart) ...........................
F. /tugferi (Cushman and Stainforth) .....................
F. marginata (Momagu) ........................................
F. otecuroosfafa Galloway and Wlseler ..............
F. orttignyana Sequenza ............................._......
F. spp. ..................................................................
Ftxsankoinacomuta (Cushman) ............_.............
F. achr&btniana (Czjzek) .....................................
F. Spp. .............»..»......>».. »......»....................»»»
Gaudryinamnaria Galloway and Winter ............
G/obobulminapacHIca Cushman ..........................
G. pyrufa (d'Orbkjfly) .............................................
Gk+ncassitluHna aubglobosa (Brady) ...................
Glanetufna laevigata (d'Ofblgny) ...........................
Gynritfia aflfflormfeStewart and Stewart ..............
G. conrfon/(Cushman and Schenck) ....................
G. morftocufa Coryell and Mossman .....................
G. cf. G. mulUkxula Coryell and Mossman ...........
G. sfflBan//d'Oibigny .............................................
G. spp. ...............................................................
Hanzawaia «f/ng/(Niffiall) ......................................
H. ntidula (Bandy) .................................................
Haptophrsgtnotdos spp. ...... ..............................
Hoegkindina slogans (dOrblgny) ..........................
Lagtna acuticosta R«uss ......................................
i.. amphota Heuss .................................................
L costata (Willlamson) ............._.........................
L. etongata (Ehfenberg) ._.........._..._.........._..._...
L. ttatutenta Loeblich and Tappan .........................
L. htxagona (Willlamson) ......................................
L. l&evis (Montagu) ...............................................
L. scalartormis WBIiamson ...................................
i.. setigara MIHett ...................................................
L. su/cata lamteoata Cushman and Gray ..............
L arnnfefniara WIBIamaon .......................................
i. spp. .........................................................._....
(.. striata (dOrblgny) ..............................................
L. suteata (Walker and Jacob) ...............................
L w/djausWIIIiamson ...........................................
L twWramsoroXAIcock) ...........................................
Lenticullnacixhmani (Galloway and Wtesler) .......
^. app. ..........................................._....................
Loxostomimpseudcbeyrichi (Cushman) ..............
Uekmis barloeanus (Wllliamson) ..........................
U. ct. u. ponp/«wtes(Rtchel and Mol) ...............
UHiammina lusca (Brady) ......................................
Norabna/Ja auricula Heron-Aflen and Eartand .......
N. basispinata (Cushman and Moyer) ...................
N. coetUera (Cushman) .........................................
N. mibcen/ca Cushman .........................................
N. spp. ..................................................................
N. Se/fa Cushman and Moyer ...............................
Nodosarla anomala Reuss ....................................
N. lameltata Cushman and Stainforth ....................
N. tongwcafad'Orbigny .........................................
N. spp. ..................................................................
rVorabnspp. ...........................................................
Oo/«na metod'Obigny ...........................................
Oridorsalis mu»iseptus (Koch) ..............................
O. umbonatus (Reuss) ..........................................
Orthomorpbina afl. O. rohri (Cushman & Stainforth 
a spp. ................................................................
Para/issurtna spp. .................................................
PtanuUna arirrHnensis dCrbigny ............................
P. mama Phleger and Parker ...............................
P. ornsfa (d'Orbkjny) ............................................
P. cf. P. oma(adX3rbigny ......................................

0.6

0.8

0.3

O.S

0.3

0.3

90.7 4.4 
0.3

0.6

0.8 - 0.6

0.3

0.3 
0.3 - 0.6

0.6

0.3

0.3

1.3 

9.9

0.3 

6.1

60.5
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Taxa _____________Sample number

86-70 86-71 86-93 86-72 86-73 86-74 86-76

Plectofrondiculatiaadvona (Cushman) ................. 1.2 - - 2.9 0.4 1.9
P. miocenfca Cushman ......................................... .......
p. spp. _ .........._....... __ ................................. .......
PraogkHxbu/iirmaatHniHa'CMgny) ................... .......
P. aimeu/a/a (Bailey) ............................................. .......
P. pupotdee (d'Orbigny) ......................................... .......
Pu/tonamiowroca Metope! ........_...._..._............ .......
P. sa/fc&wy'StewartandStewart .......................... 0.5
P. subcamw/a dOrblgrty ....................................... - - - - - 1.0
P. spp. .................................................................. .......
Pyrpo fWafaf a Loebtich and Tappan ................... .......
P. spp. .................................................................. ..-.--.
Ouinquetocu/ina aknoriana d'Orbigny ................... .......
O. taswgafa d'Orbigny ........................................... .......
Q. spp, .................................................................. .......

Rhabdanminasp. ................................................. .....
Rosalina d. R. co/umbwwfe (Cushman) .............. .....
R sp. ............. _ ....... _ ........... _ ....................... .....
flott*aga/veynaisNatland .................................... 0.3
R. cf. R. garveyonsia Natland ................................ .....
R. sp. ...... _ .......................................................... .... 0.3
RoftvMnela tomaenste (Bandy) ............................ .....
R. vofstfottns (Bandy) ........................................... .....
Saccammbasp. .................................................... .....
Sigmoillna tmula (Czjeck) ..................................... .....
S. torta (Galloway and Wissler) ............................. .....
Siphotmtulariatlinta (Cushman) ............................ .....

Spimptectamrinasp- ............................................ .......
Sfa<nfort/><acan<3wa(Hoeglund) ........................... .......
Stllostomellaadolphlna (d'Orbigny) ....................... ...... 0.6
S. spp. .................................................................. .......
Suggmnda spp. ..................................................... .......
Manna anjotosa (Wlfflamson) ............................. 0.5
T. carinata (Cushman) ........................................... .......
T.cf. T.carinata (Cushman) .................................. .......
T.hugheei (Galloway and Wissler) ........................ .......
T. occtdentaSs (Cushman) ..................................... .......
TWtocuAna spp. ...................................................... .......
Uvfgerina aubmana d'Orbigny .............................. .......
U. bagg/Galtoway and Wissler ............................. .... 0.8 - -
U.curticosla (Cushman) ........................................ .......
U. hispidocoslata Cushman and TcxJd .................. .......
U. fcfepWaSchwager ............................................. .......
U. hoofs/ Rankin .................................................... - - - - 1.1 0.2
U.juncea Cushman and Todd ............................... .......
U. pengrlna Cushman .......................................... 95.6 91.3 6.2 67.5 46.4 3.0 8.3
U. d. U. peregrins Cushman ................................. .......
U. aft. U. peregrins Cushman ................................ .......
U.pengrinadin^taToM ................................... - - - - 1.1 - 2.2
U.mstica Cushman and Edwards ......................... .......
U. cf. U. ntstlca Cushman and Edwards ............... .......
U. senticosa Cushman .......................................... .......
U. senvlrtgonia Galloway and Wissler ................... .......
U. spp. .................................................................. .......
U. strata d'Orbigny ................................................ .......
ValvuHnaria araucana (d'Orbigny) ......................... 0.3
V. calHomica Cushman (s.s.) ................................ .......
V. spp. .................. _ ............................................ .......

Foraminiferal number 366 322 162 394 375 497 362
Diversity S 7 6 10 32 12 24
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Appendix 5 Distribution and abundance of planktic foraminifers in the Balcom Canyon 
Section. Abundance of each species is a percentage of the total planktic 
foraminiferal assemblage. Planktic foraminiferal number is the number of 
specimens picked and diversity is the number of species per sample.
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Table 3 Distribution and abundance of planktic foraminifers in the Balcom Canyon Section. Abundance 
of each species is a percentage of the total planktic foraminiferal assemblage. Plankcic 
foraminiferal number is the number of specimens picked and diversity is the number of species 
per sample.

Taxa

Globigerina bulloides d'Orbigny ............................
G. quinqueloba Natland ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenfaerg) .............................................
Ghbigerinoides ruber (d'Orbigny) .........................
Globorotalia inttata (d'Orbigny) .............................
G. sdtula (Brady) ..................................................
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina on/versa d'Orbigny ..................................
indeterminate planktic foraminifers .......................

Foraminiferal number 
Diversity

84-75

30.2
20.4

1.2

2.5

1.9

22.2
21.6

162
7

84-71

45.2
26.0

1.0

7.7

-

17.3

1.0
1.9

104
7

84-66

27.3
30.3

6.1

-

12.1

21.2

3.0

33 
6

Sample

84-65

43.8
37.5

-

6.2

12.5

16 
4

» number

84-64

54.4
33.3

0.9

-

3 C

7.9

114 
5

84-63

16.1
17.0

1.8

-

53.6
1.8

9.8

112 
6

84-61

48.6
8.4

2.5

35.9
4.0

0.3
0.3

323
7

84-60

73.8
7.2

0.3

0.3

-

16.2
1.2

0.9

321 
7

Taxa

Globigerina bulloides d'Orbigny ............................
G. quinqueloba Natland ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) .............................................
Globigerinoides ruber (d'Orbigny) .........................
Globorotalia inflata (d'Orbigny) .............................
G. sdtula (Brady) ..................................................
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina universa d'Orbigny ..................................
indeterminate planktic foraminifers .......................

Foraminiferal number 
Diversity

Sample number

84-59

49.9 
2.3

2.5 
45.0

0.3

353 
5

84-58

40.1 
17.6 
0.3 

0.7

4.2 
36.8

0.3

307 

7

84-56

38.4 
14.4

0.3

2.8
44.1

320 
5.

84-55

32.3 
26.3

0.3

7.2

0.6 
32.3

0.6 
0.3

319 
8

84-54

59.2 
12.5

0.9

5.0 
22.3

319 
5

84-53

24.2 
11.8

0.7 

3.6

27.8 
31.4

0.7

306 
7

84-52

50.2 
17.4 
0.6 
1.6 .

2.9

3.5 
23.2

0.6

311 
8

84-51

36.8 
17.1

45.9 

0.3

340 
4
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Taxa
Sample number

Globigerina bulloides d'Orbigny ............................
G. quinqueloba Natiand ........................................
G. umbilicata Or and Zartzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) .............................................
Globigerinoides ruder (d'Orbigny) .........................
Globorotalia inflata (d'Orbigny) .............................
G scitula (Brady)
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina universa d'Orbigny ..................................
indeterminate planktic foraminifars .......................

Foraminiferal number 
Diversity

Taxa

Globigerina bulloides d'Orbigny ............................
G. quinqueloba Natland ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) .............................................
Globigerinoides ruber (d'Orbigny) .........................
Globorotalia inflata (d'Orbigny) .............................
G. scitula (Brady) ..................................................
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina universa d'Orbigny ..................................
indeterminate p/an/rt/cforaminifers .......................

Foraminiferal number 
Diversity

84-50

25.6
10.6

0.7

2.7

-

1.7
52.2

6.5

293
7

84-39

70.4
2.4

2.1

-

11.3
8.8

4.9

328 
6

84-49

45.2
10.0

0.7

-

1.0
41.9

0.3
1.0

301

7

84-36

86.4
2.8

-

3.5
4.9

2.4

286 

5

84-48

56.4

1.8
38.2
3.6

55 
4

84-33

9.4
1.6

0.8
5.7

80.3

2.0

244 
6

84-47

31.5
6.1

-

47.3
14.5

0.6

165
5

Sample

84-30

15.0
10.6

0.3

1.9

0.3

1.2
1.2

66.0

0.3

3.1

321 

10

84-46

42.2

2.2

1.3

1.9
18.8

31.9

1.6

313 
7

i number

84-27

16.0
3.8

-

2.5
76.8

0.9

319 
5

84-45

51.3

0.5
0.5

1.0

0.5
13.0
32.1

1.0

193 

8

84-26

26.9

0.3

0.3

1.4

-

17.3
53.4

0.3

294

7

84-44

62.7
4.0

0.7

-

28.3
0.7

3.6

276 
6

84-24

11.6
4.3

0.3

0.3
0.3

1.5
63.4
16.2

2.1

328 
9

84-42

-

20.0
80.0

5 
2

84-20

22.7
1.8

-

68.7
6.4

0.3

326 
5

128



' Sample number 
Taxa

Globigerina butloides d'Orbigny ............................
G. quinqueloba Natiand ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) . .... .....
G. uvula (Ehrenberg) .............................................
Globigerinoides ruber (d'Orbigny) .........................
Globorotalia inflata (d'Orbigny) .............................
G. scitula (Brady) ..................................................
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderms (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina universa d'Orbigny ..................................
indeterminate planktic foraminifers .......................

Foraminiferal number 
Diversity

84-17

8.0
1.7

0.3

0.3
84.7

4.5

0.3

287 
7

84-13

51.8
1.6

-

42.1
2.8

1.6

247 

5

84-10

51.6
3.2

-

29.0
9.7

6.5

31 
5

84-7

34.9
2.7

1.3

-

55.0
5.4

0.7

149 
6

84-4

18.6
9.5

0.4

.
-

67.7
1.8

2.1

285 

6

84-1

7.7
5.2

.

0.3
83.1

0.3

0.3
3.1

326
7

86-1

10.4

13.6

1.4

-

73.3
0.5
0.5

0.5

221
7

84-78

3.8
4.8

0.3

.

1.0

2.9
77.1

0.3

9.8

315 
8

Taxa

Globigerina bulloides d'Orbigny ............................
G. quinqueloba Natiand ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) .............................................
Globigerinoides ruber (d'Orbigny) .........................
Globorotalia inflata (d'Orbigny) .............................
G. scitula (Brady) ..................................................
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina universa d'Orbigny ..................................
indeterminate planktic foraminifers .......................

Foraminiferal number 
Diversity

Sample number

84-79

24.3 
3.0

0.7 

0.7

54.3

0.3 
16.8

304
7

84-80

21.8 
2.5

0.6

0.6 

65.6 

1.3

7.6

317
7

86-3

18.2 
10.7

0.4

68.2 
1.2 

0.4

0.8

242
7

86-4

26.9
21.3

49.0 

2.0

0.8

249 

5

86-5

26.7 
12.0

59.0 
0.9

0.5 
0.9

217 
6

86-6

34.6 
3.8

61.2 

0.4

260 

4

86-7

19.3 
26.2

52.4 
2.1

290

4

86-8

16.7 
19.0

63.0 

1.0

0.3

311 
5

129



Taxa

Globigerina bulloides d'Orbigny ............................
G. quinqueloba Natland ........................................
G. umbilicata Orr and Zahzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) _ .......................................
Globigerinoides ruber (rfOrWgny) .........................
Globorotalia inflata (d'Orbigny) .............................
G. scitula (Brady) ..................................................
Neogloboquadrina asano/ (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina tin/Versa d'Orbgny ..................................
indeterminate p/anto/cfcfaminifers .......................

Foraminiferal number 
Diversity

86-9

13.4
19.0

0.3

-

65.6

1.3

0.3

305 
6

86-10

16.3

19.6

0.7

-

62.1

1.3

306 
5

86-11

36.4

17.4

-

43.7

0.6

1.9

316 
5

Sample

86-12

39.8
15.7

0.3

-

43.3
0.6
0.3

319 
6

i number

86-13

33.2
14.3

-

51.3
0.8

0.4

265
5

86-14

14.6

11.5

-

73.6

0.3

322 
4

86-15

9.9

10.2

0.3

-

78.3

1.3

304
5

86-16

20.4

8.4

0.4

.

-

69.3
1.5

274
5

Taxa

Globigerina bulloides d'Orbigny ............................
G. quinqueloba Natland ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) .............................................
Globigerinoides ruber (d'Orbigny) .........................
Globorotalia inflata (d'Orbigny) .............................
G. scitula (Brady) ..................................................
Neogloboquadrina asano/ (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N so
Orbulina universa d'Orbigny ..................................
indeterminate p/anW/cforaminifers .......................

Foraminiferal number 
Diversity

86-17

37.1
6.9

-

53.6

1.2
1.2

248 
5

86-18

33.2

10.5

-

51.6

3.5
1.2

343 
5

86-19

28.2
10.3

-

61.5

39 
3

Sample

86-20

20.6
10.3

0.4

-

61.2

1.1
6.0

0.4

281
7

i number

86-21

41.6
7.1

-

34.0

14.3

2.9

238
5

86-23

30.1
42.1

-

24.9
1.8

0.3
0.3
0.6

342
7

86-24

28.5
13.1

0.3

-

54.0

0.9
0.3

3.0

337
7

86-25

30.2
12.5

0.7

53.4

3.0

0.3

305 
6
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Taxa

Globigerirta bulloides d'Orbigny ............................
G. quinqueloba Natland ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) .............................................
Globigerinoides ruber (d'Orbigny) .........................
Globorotalia inflate (d'Orbigny) .............................
G. scitula (Brady) ..................................................
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina universa d'Orbigny ..................................
indeterminate planktic foraminifers .......................

Foraminiferal number 
Diversity

86-26

32.0
11.5

0.9

-

52.8
2.2
0.3

0.3

322
7

86-27

45.5
10.1

0.5

-

42.6
1.3

376 
5

86-28

25.7
13.7

-

46.0
10.7

3.9

335 
5

Sample

86-29

60.4
7.0

-

16.4
6.7
9.1

0.3

298 
6

» number

86-30

63.6
9.1

-

18.2
9.1

11
4

86-31

35.2
7.4

-

24.1
25.9
7.4

54 
5

86-32

67.8
6.8

-

1.7
23.7

59
4

86-33

50.0
16.7

-

33.3

6 
3

Taxa

Globigerina bulloides d'Orbigny ............................
G. quinqueloba Natland ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) .............................................
Globigerinoides ruber (d'Orbigny) .........................
Globorotalia intiata (d'Orbigny) .............................
G scitula (Brady)
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagt and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N so
Orbulina universa d'Orbigny ..................................
indeterminate planktic foraminifers .......................

Foraminiferal number 
Diversity

86-36

14.3

-

64.3
14.3
7.1

14
4

86-37

54.8

-

2.7
42.5

73 
3

86-38

68.2

-

22.7
9.1

22 
3

Sample

86-40

53.9
7.5

1.0

-

3.1
32.5

2.0

295 
6

number

86-41

17.3
7.6

-

2.9
62.1
10.1

277 
5

86-54

70.3
1.4

-

24.5

3.8

286
4

86-55

60.0
20.0

.

-

20.0

5 
3

86-56

57.6
0.3

-

31.9

10.1

288
4
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Taxa

Globigerina bufloides d'Orbigny ............................
G. quinqueloba Natland ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) .............................................
Globigerinoides ruber (d'Orbigny) .........................
Globorotalia inflata (d'Orbigny) .............................
G sdtula (Brady)
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina universa d'Orbigny ..................................
indeterminate planktic foraminifers .......................

Foraminiferal number 
Diversity

Taxa

Globigerina bulloides d'Orbigny ............................
G. quinqueloba Natland ........................................
G. umbilicata Orr and Zaitzeff ...............................
Globigerinita glutinata (Egger) ..............................
G. uvula (Ehrenberg) .............................................
Globigerinoides ruber (d'Orbigny) .........................
Globorotalia inflata (d'Orbigny) .............................
G. scitula (Brady) ..................................................
Neogloboquadrina asanoi (Maiya, Saito and Sata) 
N. humerosus (Takayanagi and Saito) ..................
N. pachyderma (Ehrenberg), left ...........................
N. pachyderma (Ehrenberg), right .........................
N. sp. ....................................................................
Orbulina univcrsa d'Orbigny ..................................
indeterminate planktic foraminifers .......................

Fo:aminiferal number 
Diversity

86-57 86-58

41.3 70.9
13.4 0.6

0.7 0.3

2.0
25.2 23.3

17.4 4.9

298 309

6 5

86-65 86-66

80.0 29.1
42.3

0.9
1.5

0.3

0.6

25.2

20.0

5 326 

2 7

86-59

34.3
2.9

2.9

-

20.0

5.7

34.3

35 

6

86-67

62.8
8.8

0.3 

0.6

19.9
2.3

5.3

341

7

Sample

86-60

4.2

12.5 
8.3

8.3

66.7

24

5

Sample

86-69

8.3

50.0

16.7

25.0

12 

4

number

86-61

63.6
16.6
0.3

0.7
0.3

0.7 

0.7

7.0

1.0
9.3

302 

10

number

86-70

88.9

-

11.1

9 

2

86-62

69.0

20.5
1.3

0.4

0.4 

2.2

6.1

229

7

86-71

30.5
17.8

23.0

1.7
14.9

12.1

174 
6

86-63

41.6
23.4

0.5

4.7 

3.7

0.9
11.7

13.6

214 

8

86-74

16.4

5.5
0.3
0.3

3.5 

0.3

53.1

11.6

9.0

311 
9

86-64

87.2

4.5
0.6

-

5.7

2.0

352

5

86-76

29.2
4.2

0.7

61.8

1.4
2.8

144 

6
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